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Summary
The isolation of !■!« hyopneumoniae from field material of cases 
of Enzootic Pneumonia is difficult since the pneumonic lungs also 
contain M. hyorhinis. Originally, only y/o of the infected lungs 
yielded'M. hyopneumoniae on standard media. The difficulties were 
chiefly due to overgrowth of the cultures by M. hyorhinis. This, 
however, was largely overcome when kanamycin was added to the isolation 
medium; since 13% of pneumonia lungs yielded M« hyopneumoniae when 
this modified medium was used. Among the range of substances tested, 
this antibiotic proved to be the most successful in selectively 
inhibiting M. hyorhinis.
The present studies have shown that these two organisms are 
indistinguishable from each other, as well as from most other porcine 
mycoplasmas, on the basis of their colonial appearance or cellular 
morphology. However, the two organisms were found to have a few 
characteristics which could be helpful in their differentiation.
These included differences in heat-sensitivity, behaviour in tissue 
cultures and organ explants, and the Methylene Blue Staining technique 
which was useful in recognizing colonies of M. hyopneumoniae when they 
were mixed with those of M. hyorhinis.
The serological diagnosis of M. hyopneumoniae infections was 
also studied. It was demonstrated that in natural infections, this 
organism does not stimulate the production of macroglobulin antibodies, 
and therefore, neither agglutination or precipitation tests could be 
used as a means of diagnosing Enzootic Pneumonia. However, positive 
results v/ere obtained with the complement-fixation test in all 
artificially infected animals. Immunofluorescence of lung smears
was also useful, as it detected as many as 87*5% o f roccnt cases of
Enzootic Pneumonia. It was concluded therefore, that these two 
tests, together with the improved isolation procedures, could detect 
most field cases of H. hyopneumoniae infections.
The action of various species of porcine mycoplasmas both in 
pig kidney primary cultures, and in pig tracheal explants, appeared to 
relate directly to their production of hydrogen peroxide.
M* hyopneumoniae did not produce hydrogen peroxide, and therefore, the 
pathogenicity of this organism must involve a different mechanism. 
Alternative mechanisms for the production of pneumonia by 
M. hyopneumoniae are discussed.
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General Introduction
Respiratory diseases in pigs are very common, ranging from trivial 
subclinical conditions to serious infections, and are responsible for 
heavy economic losses, especially in farms that have intensive methods of 
husbandry* The cost of Enzootic Pneumonia, the most common and wide­
spread of these diseases, has been calculated at approximately £1.00 per 
pig fattened (Brassine et al., 1971; Goodwin, 1971)» which seriously 
influences the profit margin in this highly competitive industry.
The first published accounts to differentiate between the various 
respiratory conditions in swine appeared in the early 1930's (Shope 1931* 
Lewis & Shope 1933)? when a specific disease was recognized (Swine 
Influenza) and its viral aetiology established. However, this discovery, 
although representing an important advance, actually tended to inhibit 
further research on other similar respiratory conditions, and on the 
characterization of any other infectious organisms.
Another specific respiratory condition, later referred to as
Enzootic Pneumonia, was differentiated from Swine Influenza by Kbbe (1933?
193^ ? 193&)? Waldraan (1933? 193^ ? A935) ? Lamont (1930) and Momberg-
Jdrgenson (1938 )• Enzootic Pneumonia typically affected young pigs,
and its infectivity was demonstrated v/ith bacteria-free filtrates of the
infected lunge. Thoro were varied ideas concerning the probable aetiology
of the disease. Thus V/aldman (1933) concluded that the disease resulted from
the mixed infection of an unspecified virus, and a bacterium of the
\c&{)-e
Haemophilus group. Later^(1933) he discovered that the disease could 
also affect older animals. Further studies were neglected until the 
late I9^0*s when Blakemore^(19^ 9) described a respiratory disease of slow
onset which was different from Swine Influenza. A similar observation
first to rocognizo Enzootic Pnoumohia as a separate ontity, and provide 
an accurate clinical description after demonstrating that the dinoaco 
could be transmitted v/ith infected lung filtrates. Gulrajani and
bacteria-free lung filtrate was infective for pigs it did not affect 
ferrets or chick embryos. This lead them to conclude that the disease
was not Swine Influenza. Lamont (1952) gave a comprehensive account of
Pneumonia, which was supported by Hj&rre, Pinter and Bakos (1951* 1952) 
and Pinter (1953a, b). The disease then became widely recognized, and 
reports came from many countries, for example Kenya (Plowright, 1953)*
Pneumonia, became accepted.
Although Enzootic Pneumonia was differentiated from other porcine 
respiratory diseases on clinical grounds, its aetiology remained contro­
versial. Betts (1952) considered that the condition was of viral origin,
and Wesslen (1955) Hj&rre et al. (195*0 and Bakos et al. (1962, 1963)* 
who reported histological details of the infectious agent in tissue 
cultures and also noted that the fluids obtained from these cultures 
produced pneumonia, even after several passages. They concluded that 
the agent was a mycoplasma because Giemsa-stained tissue cultures regul­
arly revealed coccoid organisms. They were unable however, to confirm 
this, since they could not grow the agent on solid media. Support for 
their hypothesis was available in reports by Whittlestone (1957* 1958)*
was made by Hjfirre ot al. (19^). Pullar (19*f8, 19*t9a*<>b) was the
Beveridge (1951) confirmed these observations and noted that although a
the differences between Swine Influenza, Swine Fever and Enzootic
but this view was contested in papers by Wesslen and Lannek (195*0* Lannek
who had observed similar coccoid bodies in pneumonic lung smears and 
concluded that these were mycoplasma organisms. Later, Betts and 
V/hittlestone (1963) in addition to’ these structures found pleomorphic 
forms in tissue cultures of infected pig lung cells, but again, failed to 
grow the agent on solid media. However Goodwin and. V/hittlestone (1963) 
who demonstrated infectivity of the cell culture fluids, were first to 
grow the agent in heat-killed cell cultures (1964a) and also induced a 
strain of the organism to grow in the sustaining cell-free medium (1964b). 
After several passages in the medium this agent was also able to cause 
pneumonia in pigs.
L*Ecuyer and Switzer (1963)* testing lung isolates from a similar- 
infectious disease were only able to subculture the agent 3 times in HeLa 
cells, and twice in pig lung and kidney primary cultures before infecti­
vity was lost. These isolates came from infected lungs that had no 
bacteria or M. hyorhinis, and because they observed no cytopathic effect 
(CPE), they concluded that the agent was a virus. However, in 1965 
Mare and Switzer, using an agar-gelled medium which closely resembled 
that of Goodwin and V/hittlestone (1964b) cultivated typical mycoplasma 
colonies and named the isolate M. hyopneumoniae. However, they failed to 
demonstrate that the colony-producing organism was the causai agent of 
Enzootic Pneumonia. In 1965* Goodwin Pomeroy and Whittlestone, also 
made a successful isolation of a mycoplasma to which they referred to as 
M. suispneumoniae, and-went on to demonstrate its pathogenicity. In 
1967, they described its behaviour in liquid medium and recorded its 
morphological features.
Mare and Switzer (1966a,b,c) further characterized their isolate
which included morphology, growth characteristics in media and cells,the 
%
minimal infective size, and susceptibility to antibiotics. Goodwin,
Pomeroy and V/hittlestone (1967) compared the two isolates and demonstra­
ted that they were the same organism and since then, similar agents have 
been isolated in Canada (L'Ecuyer, ’ 1969), Japan (Takatori et al. 1967-), 
Holland (Terpstra et al. 1969) Denmark (Fri.iS->, 1969) and Switzerland 
(Bannerman & Nicolet, 1971)*
Pullar (19^ 8), Gulrajani and Beveridge (1991) and later Larenaudie
(1962), considered that diagnosis of Enzootic Pneumonia was fully effec­
tive on a clinical basis including pathogenesis and the histology of 
lesions. Pattison (1956) stated that histopathology alone v/as not 
sufficient to differentiate this condition, similarly V/hittlestone (1957, 
1958) concluded that the clinical and pathological pictures could not 
reliably differentiate between pneumonias of different origins. He con­
cluded however, that the demonstration of the pleomorphic organisms in 
Giemsa-stained preparations is an important criterion for the diagnosis 
of Enzootic Pneumonia. Extensive studies on serological diagnosis were 
also carried out and are reviewed in chapter II.
M. hyopneumoniae is not the only mycoplasma present in the porcine 
respiratory tract, and a variety of other mycoplasma species have been 
isolated from these tissues. Switzer (1953a,b^ observed regular mortalit 
of chick embryos following the inoculation of nasal swabs from pigs affec­
ted with atrophic rhinitis. A coccobacillary organism, later referred to 
as M. hyorhinis, was isolated from dead embryos (Switzer, 1955)* This 
was shown to be identical to a so-called stable nL" form of Fusiformis 
necrophorus isolated by Mc.kay and Carter (1955) and Carter and McKay 
(1955)* M. hyorhinis has since been shown to produce damage to the 
serous tissues of the pig, which can lead to a polyserositis, resembling 
Glasser*s disease which is caused by Haemophilus organisms (Kcjcay and ^
195.9,/ 
196*0 . ■
Carter 1955, Carter, 195^ , Boberts et al. 1962, Switzer 195^, 1955,
Switzer reported that the addition of yeast autolysate to the 
medium used in the isolation of M. hyorhinis retarded the growth of 
this organism but allowed the development of a very slow-growing 24yco- 
plasma. Ross/aasdr Switzer^C 1963b) observed that the addition of gastric 
mucin to the medium favoured the growth of the latter. Since the 
organisms had a very granular growth, a name M. granularum, was proposed 
(Switzer, 196 )^. Ross and Karmon,(1970?considered it as non-pathogenic, 
and as it had no requirements for sterol, it has been more recently placed 
in the new genus Acholeplasma (Edward & Freundt, 1970).
Although A. granularum had originally been implicated with arthri­
tis in pigs (Switzer, 196^ ) it appears more likely that another organism, 
first reported by McNutt et al. (19^5)1 ie involved in this condition.
It was grown in chick embryos and reproduced arthritis experimentally in 
young pigs. The lesions consisted of arthritis affecting the synovial 
membrane but without erosion of the bone; some pigs had poliserosytis 
with adhesions. However, these,workers did not further characterize 
the pathogen, apart from demonstrating that it was partly retained by a 
Berkefeld filter. Judging from the clinical picture, it is likely that 
this agent was either M. hyorhinis or H. hyosynoviae. Roberts and Gois 
(1970), reported the isolation of an arginine-metabolizing mycoplasma from 
arthritic lesions in pigs, which was later named M. hyoarginini (Gois and 
Taylor-Robinson, 1970, 1971)* Ross and Karmon (1970), isolated a myco­
plasma with similar characteristics from cultures believed to be 
A. granularum and referred to it as M. hyosynoviae. Simultaneously
Friis (1970) isolated an arthritis-producing, arginine-metabolizing myco­
plasma which he called H. suidaniae. However, it was later demonstrated 
that these three agents were identical (Roberts et al. 1972) and the 
name M. hyosynoviae has been retained. The fact that this mycoplasma
was found mixed in cultures with A« granularum might explain earlier 
claims for the pathogenicity of the latter,
A number of other mycoplasms have been isolated from pigs. Thus, 
Moore^(1966b) recovered a mycoplasma from arthritis in pigs which he 
named M, hyoarthinosa. This organism required gastric mucin for growth 
and because of the variability of this product, the culture was lost 
without having been properly characterized, even though Robinson, Moore 
and Redmond (1967) studied the isolate by the fluorescent antibody 
technique. Moore^(l965, 1966a) isolated another Mycoplasma from the 
uterus of a sow and named it M. hyogenitalium but cultures of this 
organism are also no longer available.
In 1965j Pinter ^characterized several Mycoplasmas from the "SEP” 
agents originally isolated by Lannek, Wesslen, BOrnfors,;Bakos, Hjhrre 
and himself during the previous 10 years. These were later classified 
by Taylor-Robinson and Dinter (1968) as M. gallinarum (B2), M. laidlawii 
(B*f) and M. iners (B6), B3 was characterized as M. mycoides var capri
b
by Cherry and Taylor-Robinson (197Cp but this could not be confirmed by 
Al-Aubaidi (1972).
The importance of these isolates is difficult to evaluate in view 
of the fact that three of these four organisms are generally accepted as 
non pathogenic and they are all commonly found in other animal hosts.
The possibility of mycoplasmas from other animal species infecting pigs 
has recently been shown by Gois et al. (1973) who isolated M. bovigeni- 
talium, a common bovine mycoplasma, from the semen of a boar that had 
fecundated some sows which subsequently aborted. Since the organism 
was not isolated from a further 33 boar semen samples, it is difficult to 
assess its importance, apart from showing that the ability of many 
mycoplasma species to colonize the living animal is not restricted to one 
animal species.
Recently Friis (1972) and Meyling and Friis (1972), reported the 
isolation of a new porcine mycoplasma, very similar to M. hyopneumoniae 
but serologically distinct. The colonies were coarse without central 
nipple, it grew slowly in broth and gave a granular appearance. Because 
of this last characteristic, they named it M. flocculare.
The aetiological significance of all these other mycoplasmas in 
the production of Enzootic Pneumonia is unclear, the best candidate being 
M. hyorhinis. However, the yole of M, hyorhinis in pneumonia is contro-
, fc7)
versial. Lannek and V/esslen^ used the SEP agent (probably M, hyorhinis) 
grown in pig*s kidney tissue culture to infect 5 and 6-week old pigs from 
a herd free of Enzootic Pneumonia, None of the pigs developed macro­
scopic lesions similar to those seen in cases of Enzootic Pneumonia, but 
five out of eleven animals developed microscopic lesions. It is not 
certain now whether the inoculum contained a mixture of both M, hyorhinis 
and M, hyopneumoniae because it is known that both will grow in such 
tissue cultures. Carter and Schroder (1955* 195& ) also claimed that 
their 'M, hyorhinis isolates could cause pneumonia, Surdan et al., (1961) 
produced pneumonias in pigs with an isolate grown in chick embryo and 
since M. hyopneumoniae grows poorly, if at all in these cells, this agent 
, was probably M. hyorhinis or a member of the Chlamydia group, Gois
al  ^(1968) tested two strains of laboratory adapted M. hyorhinis. VB2 
(12 passages in broth) and another strain with 25 passages. Both induced 
pneumonia in 8-10 week old animals and this was confirmed histologically 
with the VB2 strain. Several healthy pigs placed in contact with the 
infected animals developed mild pneumonic lesions, and many of the inocula­
ted animals also developed rhinitis, pericarditis, polyarthritis and in’ 
one case, peritonitis.. As the basis of this, they concluded that 
H. hyorhinis could well be involved in the aetiology of pneumonia as well 
as various other conditions. Later, Gois Valicek and Sova,dina (1968)
produced pneumonia in ^-8 day old piglets with M. hyorhinis. Schulman 
and Estola (1966) induced pneumonic lesions in pigs believed to be free 
of Enzootic Pneumonia with a strain of M. hyorhinis which they had grown 
in embryonated eggs and which they cloned in PPLO agar. Pospisil et al. 
(1970) and Gois et al. (1973^  gave detailed accounts for the use of the 
fluorescent antibodies in detecting Mycoplasma hyorhinis in the lungs.
In this way they demonstrated that the localization of M. hyorhinis in 
pneumonic lungs was very similar to that of M. hyopneumoniae as shown by 
other authors (L’Ecuyer and Boulanger 1970). They found that all three 
strains used produced pneumonia but one of these would not produce 
polyserositis. After several subcultures in liquid media, these strains 
failed to produce generalized infections, although they were able to 
establish themselves in the respiratory tract; they were found in high 
concentrations in the lung parenchyma. Using cultures of freshly
(K.
isolated strains of M. hyorhinis, Friis (1973^  produced a catarrhal 
bronchopneumonia in 10 day old SPF piglets but only 2 of 12 inoculated 
animals showed lesions. Poland et al. (1971) also induced pneumonia in 
3 out of 8, one-week old piglets exposed to the TR32 strain of M. hyo­
rhinis, originally isolated in Czechoslovakia. Despite this evidence, 
several workers (Switzer 196*f, Goodwin Pomeroy and Whittlestone, 1968; 
and Roberts, personal communication) regard M. hyorhinis either as being 
merely present in the lung, or as a secondary invader, but it is 
conceivable, however,' that strains differ in pathogenicityt, the Central 
European ones being particularly virulent.
The only other mycoplasma that seems to be involved in the produc­
tion of pneumonia is M. flocculare, with which Friis (1973) induced 
macroscopic and microscopic lesions in one out of three SPF, 36-hour old 
piglets, and microscopic lesions in the nasal mucosa of the three animals.
The control of the disease by therapeutic methods (reviewed in •
Chapter I), by the development of disease-free herds or by the production 
of vaccines has attracted the attention of several workers. Betts et 
al. (1933a), Barber et al. (1933) and V/hittlestone and Betts (1953) 
produced pneumonia-free herds by rearing pigs in isolation from sows 
known to be free of the disease. However, some animals in these herds 
readily developed the condition within a few years of establishing the 
herd. Often poor husbandry measures may have been responsible but some 
times the reasons for the reinfection were not so clear (Goodwin and 
V/hittlestone 1967).
Goodwin et al. (1969b) induced a strong protection to Enzootic 
Pneumonia in piglets which were artificially infected with M. hyopneumoniae 
and allowed to recover. However (1969a) they could not demonstrate any 
protection when formalized M. hyopneumoniae suspensions were injected, 
even when used with Freund’s adjuvant. Lam and Switzer (1973a) claimed 
moderate success in protecting animals with an ether-insoluble fraction 
of M. hyopneumoniae with Freund*s adjuvant. Formalized, freeze-thawed 
and sodium-lauryl sulphate lysed preparations were partially successful, 
whilst a formalized-non-ether extracted suspension failed to confer any 
protection. Enzootic Pneumonia is now a well characterized disease, but 
the final diagnosis remains very difficult, as it is still based on the 
isolation of M. hyopneumoniae which, as pointed out previously, is a 
complicated procedure. Diagnosis cannot be established using serological 
tests, because all those that have been used give either negative or
variable results. This difficulty in establishing an accurate diagnosis
c?
has resulted in the failure of the eradication schemes which have been 
tried. The spontaneous development of outbreaks of Enzootic Pneumonia 
in disease-free herds occurring without apparent reasons, may be due to 
the fact that there is still a poor understanding of the pathogenesis of
the disease, particularly in respect of the action of these organisms 
on the tissues of the porcine respiratory tract, and on the transmission 
mechanisms*
The principal objectives of the following studies were the 
development of methods for differential isolation and characterization 
of the various porcine mycoplasmas with special reference to M» hyorhinis 
and M« hyopneumoniae.
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Chapter I
Morphology and Isolation of Porcine Mycoplasmas
Introduction
1) Morphological Studies
The first detailed morphological descriptions of a recognized
porcine mycoplasma were made by Switzer (1955) who described the growth 
of Mt hyorhinis in chick embryos, observing numerous small coccobacillary 
objects in the pericardial exudate and in smears from broth cultures.
revealed after staining with Giemsa. In addition, ring forms and 
small spherical objects were also seen. On solid medium the organism 
imparted a velvet-like appearance to the surface of the medium. The 
colonies ranged in size from 0.01 mm to 0 .1 mm, all sizes being present 
at the same time. The colonies v/ere small and glistening with regular 
margins and did not tend to coalesce or form a film. The centre was 
elevated and tended to become granular as the culture aged. Electron 
micrographs of gold shadowed organisms revealed irregular spheres due 
to the little rigidity of the cells and many had central vacuoles.
No filamentous forms were seen. •
Later, (1959b) Switzer studied the appearance of M. hyorhinis in 
tissue cultures, noting the presence of numerous coccobacillary bodies 
on the surface of the cells and apparently within the damaged cytoplasm. 
Hummeler et al. (19&5) studied M. h?,rorhinis associated with human 
tumcur cultures using broth Giemsa stains and electronmicrography of 
thin section of cells. With the latter technique they observed large 
aggregates of both extra and intracellular particles which were mainly
Minute coccoid rods 0. j i  to 0.6 width were
round to ovoid shape with a diameter of about 300-500 m^i. Some 
particles had several internal nucleoids, interconnected by fine fila­
ments. Joncas et al. (19&9) also noted what appeared to be intra 
as well as extra-cellular particles in tissue cultures contaminated 
by M. hyorhinis. They demonstrated these bodies by staining them with 
acridine orange, fluorescent antibodies and Giemsa as well as sections 
of cells- examined under the electronmicroscope. .With this technique 
mycoplasma bodies, 100-500 mji in size, were observed. These were 
very pleomorphic and many had radiating short filaments. Potgieter, 
Frey and Ross (1972) studied M. hyorhinis infections in tissue culture 
using both the fluorescent antibody test (FAT) and Giemsa stains.
Using FAT, they noted that at Zh hours after infection the organisms 
were small, pleomorphic and with delicate projecting filaments, which 
disappeared within the next Zk hours to be replaced by large, spherical 
structures of variable size. The large bodies became more uniform in 
size within the following 2 days and some of the structures appeared to 
be subdivided in a faint network, whereas in others the periphery 
fluoresced stronger than the centre, these latter forms appearing as 
rings when seen in the Giemsa preparations. The transitory nature of 
the filamentous stagey might be the reason why it was missed by other 
workers. The network of organisms appeared to be similar to the 
clusters seen by Hummeler et al. (1965).
Baskerville et.al. (197^ ) examined the ultrastructure of M. hyo­
rhinis from broth cultures using electronmicroscopy of thin sections of 
organisms v/hich were harvested by centrifugation prior to fixation.
This was done with glutoraldehyde and osmium tetroxide. Three basic 
types of structures v/ere seen, the largest being round or oval cells 
0.5-1 in diameter. Each cell was bound by a trilaminar membrane and 
the cytoplasm contained bunches of ribosomes separated by clearer areas
A second form of particle was much smaller (9Q-120 mjx) and the cyto­
plasm was more dense. Sometimes these forms were apparently budding
from the larger cells. A third, intermediate form was also seen.
The large cells underwent binary fission, but budding from the surface 
appeared the most usual form of•replication, signalled by prior aggrega­
tion of ribosomes to one edge of the membrane. The ribosomes were 
then pushed outwards and eventually formed the bud which became the 
elementary body with a diameter of 100 jyi. Sometimes, the elementary 
bodies were formed in chains associated v/ith the larger cells. These 
bodies and the intermediate forms, were not seen in sections of field 
pneumonic material, neither could budding, singly or in chains, be 
detected inside the.lungs. The authors concluded that budding would 
appear only under the specialized conditions of artificial cultures. 
However, it is possible that these forms represent artifacts producedi -
in the preparation of the samples.
The first to describe the morphology of M. hyopneumoniae were 
probably Lannek and Wesslen (1955) who observed large numbers of intra- 
and extracellular coccoid particles in tissue cultures infected with 
their "SEP" agent. Dinter et al. (1957) reported similar particles 
in the yolk sacs of eggs infected with the same agent. Extracellular 
pleomorphic organisms, together with coccoid and ring forms, some with 
bipolar staining, which resembled mycoplasmas, were seen by Whittlestone 
(1957) in touch preparations from pneumonic lungs and were regarded for 
some time as the criterion for diagnosis of Enzootic Pneumonia. Similar 
particles were observed in tissue culture by Betts and V/hittlestone
(1963) and later in infected cell-free fluids capable of reproducing the 
disease (Goodwin and Whittlestone 196^ -b). Mare and Switzer (1965) 
described the morphology in broth cultures of their new isolate 
M. hyopneumoniae. Small coccoid organisms, 300-500 ran in diameter
and some ring forms were found. The. colonies of M. hyopneumoniae 
were very small with a maximum size of about 100 jol at 6 days post­
inoculation. Goodw.in et al. (1967), reporting on their isolate 
M. suicpneumoniae (later confirmed identical to M. hyopneumoniae) 
noted that the colonies were 20-100yi in size after 3-5 days growth. 
They appeared convex and mycoplasma-like but without central nipple, 
and considerable variety in colony size was seen. The individual 
constituent cells were very pleomorphic; in touch preparations from 
colonies, ring and bipolar forms predominated. However, in tissue 
culture preparations coccoid forms were most frequent, usually in short 
Chains or single rings. In broth, cocci with branching filaments or 
globular structures were seen.
Mare/ and Switzer (1966b) investigated the structure of M. hyo- 
pneumoniae in pig lung lesions and in tissue cultures by light and 
electromicroscopy. In the lung, touch preparations revealed extremely 
small coccobacillary organisms and occasional ring forms. Most were 
extracellular, coccoid in shape and aggregated in clusters in a small 
area of the preparation. Giemsa-stained lung sections showed the 
organisms to be located on the surface of the bronchiolar epithelium, 
but not the alveoli, which explains their aggregated localization in 
the touch preparations. In tissue culture the organisms were mostly 
seen adjacent to the cells. Using the electronmicroscope on lung 
sections, osmiophilic membrane-bound bodies with electron dense 
peripheries were seen occasionally inside the cells* The tissue 
culture showed numerous intracellular membrane-bound bodies with 
occasional dense nucleoid structures, 200-4-30 mj i in diame.ter.
Darbyshire and Roberts (1968) studied the appearan'ce of 
M. hyopneumoniae in broth cultures by electrohmicroscopy using negative 
staining with phosphotungstic acid. They observed very pleomorphic
bodies with branching filaments. L*Ecuyer (1969) studied organisms 
adhering to coverslips submerged in inoculated broths as well as 
infected tissue culture. He observed only a few coccoid bodies as 
late as 6 days post-inoculation. These became very numerous within 
the next 4 days at which time a cytopathogenic effect v/as seen. The 
coccoid bodies were indistinguishable from those seen in broth cultures. 
But, in addition, raicrocolonies of organisms developed in the broth, 
which measured-about 0.3 j x  in size. The organisms were round to oval, 
with occasional ring forms and showed mono or bipolar staining.
Cultures aerated by a shaker had extremely pleomorphic organisms, some 
as described, and some much larger, up to 3 *3  j x  in diameter, showing 
deeply staining internal structure.
Ross and Karmon (1970) saw the structure of H. hyosynoviae, both 
with regard to colony and cell morphology, the latter using Giemsa stain. 
Typical fried-egg colonies were seen, approximately 220 wjx in diameter 
within 3-4 days and smears of broth cultures revealed small, pleomorphic 
coccoid to filamentous organisms. Some large bodies (up to 3 j x ) were 
also seen but it v/as not clear if these v/ere organisms. Friis (1970), 
using the same organism, observed typical fried-egg colonies of around 
200-300 jx diameter. When observed by phase contrast microscopy or 
ordinary microscopy, they were pleomorphic and filamentous® Gois and 
Taylor-Robinson (1971) noted that the colonies became larger (up to 200 j x  
diameter) v/hen incubated in 10% CO^ and 90% rather than air.
Switzer (1964) differentiated A. granularum from hyorhinis 
and described clumps of organisms surrounded by an amorphous precipitate 
in Giemsa preparations. The precipitate could make the clumps appear
as an homogenous mass. Large, spherical bluish bodies were also seen
(up to 13 j x )  m The colonies, hov/ever, were indistinguishable from those
of M. hyorhinis.
Recently Friis (1972) isolated and characterized a new species,
M. flocculare. The colonies reached a size of 0,5 to 1 mm in k -7 .  
days, being uniform but coarsely granular and devoid of central nipple. 
Phase-contrast microscopy and Giemsa stained preparations revealed 
pleomorphism and filaments in the organisms.
It is clear from these observations that M. hyorhinis has a 
coccobacillary form, when seen in Giemsa stained preparations of broth 
cultures,infected tissue cultures or chick embryo yolk sac. Some 
argument exists, however, as regards the ultramicroscopic appearance of 
this organism, especially in connection with the.occurrence of filaments. 
This situation is similar to that seen in other mycoplasma species 
(Freundt, 1969). This author described the factors which can consider­
ably modify the structure of mycoplasma cells when they are being 
prepared for the electronmicroscope. Two of the most common problems 
encountered are distortion caused by centrifugation of unfixed cells, 
and by certain fixatives, like osmium tetro x-ide. All the reports
which detail the preparation of samples for their study have involved 
centrifugation of unfixed cells. Baskerville et al, (1972) also fixed
. O —
their pelleted samples in osmium tetro xide, whiie Hummeler et al. (1965) 
did not use centrifugation, as he- was studying infected tissue samples, 
but used osmium tetro xide as a fixative. Under these conditions, all 
the electronmicroscopic observations of M. hyorhinis are difficult to 
interpret, because in every case some distorting step was introduced in 
the preparation procedure. More reliable information would seem to 
derive from observations made by FAT, especially those of Potgieter et 
al. (1 97^1 who found M. hyorhinis to be a filamentous organism when 
harvested from young broth cultures. This would fit with the view 
(Freundt, 1969) that filamentous growth is more readily seen in young 
cultures.
There seems to be general agreement that nearly all the other 
porcine mycoplasmas are filamentous or have a filamentous stage in their 
growth cycle. These observations have been made both by phase contrast 
microscopy which is a method of study less associated with the develop­
ment of artifacts, as well as electronmicroscopy, although this is more 
likely to induce artifacts.
2) Isolation Studies
The first successful attempts to isolate the causal agent of 
Enzootic Pneumonia were made by Wesslen and Lannek (195*0 who obtained 
growth of a coccobacillary organism in tissue cultures and later in 
embryonated eggs. But it is now probable that they had isolated a 
mixed culture of M. hyorhinis and M. hyopneumoniae, because their, 
infected tissue culture fluids would produce pneumonia . and at the same 
’time, organisms were cultured in embryonated eggs in which M. hyopneu­
moniae does not grow. Dinter et al. (1965) demonstrated that this 
isolate was M. hyorhinis but this was after it had undergone several 
passages through the chick embryo, a procedure which would favour
Cl—
M. hyorhinis, at the same time eliminating M. hyopneumoniae. Betts 
and Whittlestone (1963) isolated a pneumonia-inducing agent in tissue 
cultures but L'Ecuyer and Switzer (1963) later noted that'it was only 
possible to passage this type of agent three times and concluded that 
this was not a satisfactory method of isolation. Goodwin et al.
(I96*fa) then grew the agent in a- heat killed tissue culture. Finally 
(196*fb) they were able to grow the organism in the tissue culture 
fluids without cells. Their medium consisted of Hank’s balanced salt 
solution, Hartley’s broth, lactalbumin hydrolysate, yeast extract and 
inactivated pig serum. Mare and Switzer (1965) and Goodwin Pomeroy 
and Whittlestone (1965) used the same medium successfully, both in the
liquid form and solidified with agar. Both groups of workers isolated 
the organism from lungs of hysterectomy-produced, colostrum-deprived 
(HPCD) piglets artificially infected with a pneumonic lung filtrate, 
known to be free of M. hyorhinis, cytopathogenic viruses and bacteria. 
Mare and Switzer (1966a) repeated this work, trying to reisolate the 
organism in the same artificial medium as well as in tissue cultures 
and in chick embryos. Ke-isolation was not possible in chick embryos 
and only partially successful in tissue cultures. The best artificial 
medium they devised was a mixture of beef-heart infusion with Dulbecco's 
phosphate buffer plus lactalbumin, yeast and swine seruip, but growth was 
greatly improved on solid medium v/hen a Micrococcus culture was grown 
across the plates.
L*Ecuyer (1969) studied the effects of various additives on the 
growth of M. hyopneumoniae. He noted that lactalburain hydrolysate, 
yeast extract, swine gastric mucin and inactivated swine serum markedly 
improved growth, while glucose, Eagle*s enrichments, chick embryo 
extract, haemaglobin, NAD, Tween 80 and cholesterol either had no 
effect or were slightly inhibitory. Aeration increased the yield of 
cells. Chick embryos did not sustain growth. He concluded that a 
medium composition of PPLO broth (Difco), lactalburain hydrolysate, 
gastric mucin, yeast extract and pig serum was the most suitable 
although he could not grow the agent on a solidified version of this 
medium. Friis (1969) recommended a medium which had brain-heart 
infusion broth and tryptic digest broth, substituting the Hartley*s 
broth in the original Goodwin and Whittlestone*s formula. He also 
used a dilution technique when inoculating broths with pig lungs.
This successful isolation from experimentally infected lungs was 
not so readily achieved when isolating from field material. This was 
mainly due to the presence of the freely growing M. hyorhinis, and the
fastidious nutritional demands of M. hyopneumoniae, Goodwin Pomeroy
and Whittlestone (1968s=j£*) found that the same media and isolation
techniques that recovered M. hyopneumoniae in 91% of experimental lungs,
only yielded 12.3% positive isolations from field material* Goodv/in
and Hurrell (1970) improved this isolation rate to b5% of individual
cases of field infected pneumonic animals, mainly by introducing a
lung dilution technique similar to that of Friis (19&9) an(* by
previously carefully screening all their media batches for their
ability to support the growth of M. hyopneumoniae. They found that
different batches of pig sera strongly influenced the growth of
M. hyopneumoniae or M, hyorhinis and commercial Hartley*s broth v/as
found superior to their own preparation. -Some batches of medium were
found to be selective for M* hyopneumoniae over M. hyorhinis and this
seemed to be a function of the sera used in them but they concluded
that the screening of all media v/as not a feasible procedure under
normal conditions. Friis (1971&) using his own formula but v/ith a 1:1
mixture of pig and horse sera, isolated M. hyopneumoniae from 3^% of
samples collected at a slaughterhouse. He also found this improved
I Crivv*v^
medium superior to that of Goodwin^and Whittlestone (1965)*
Another possibles explanation for the failuro of early authors to 
consistently isolate M. hyopneumoniae might be because different tissues 
have a marked inhibitory action on mycoplasmas, probably due to the 
release of lecithin-like substances when autolysis occurs (Kaklamis et al. 
1971). Because of this, dilution of the original lung suspension would 
seem necessary. Recently Goodv/in (1972) studied the effect of pneumonic 
lung tissue on M. hyopneumoniae. He found it to be markedly inhibitory 
after 7 days at room temperature and 11 days at 4°C. It must be con­
sidered, however, that the tissue samples used on this study had not 
been homogenized, as it is usual to do when isolations are attempted and
probably the release of inhibitory substances was therefore much 
smaller.
Recently it has been shown that certain antibiotics are useful 
in inhibiting H. hyorhinis but not H. hyopneumoniae (Friis, 1971b; 
Yamamoto^ 1971). Because of this, the study of the antibiotic sen­
sitivity of these two organisms has become very important in isolation 
studies.
3) Sensitivity of M. hyorhinis and M. hyopneumoniae to Antibiotics
Very soon after the recognition that Enzootic Pneumonia v/as a 
different disease to Swine Influenza, research was conducted into the 
possibility of treating this disease with antibiotics. Betts (1932)
Betts and Beveridge (1932), Bbrnfors (195*0 > Bdrnfors & Lannek (1955* 
1956), Lannek 8c Bbrnfors (1956), Goret et al. (I960), Mare 8c Switzer 
(1966c) and Huhn (1971) using tetracycline, chlortetracycline and oxy- 
tetracycline in doses from 10-^0 mg/kg, found that these antibiotics 
effectively prevented the infection when given before exposure 
(i.e. prophylactically) but were of little or no therapeutic value.
Other antibiotics gave variable results. Betts (1952) found that 
penicillin, streptomycin and sulphanilamide gave no therapeutic protec­
tion. Bbrnfors 8c Lannek (1955) found that sulphamezathine resulted in 
better growth rate of infected pigs. Betts 8c Campbell (1956), in 
carefully controlled experiments found that penicillin (up to 2000 u/ml) 
had no prophylactic or therapeutic action, the same was seen with 
chloramphenicol, while oxytetracycline, chlortetracycline and strepto­
mycin gave varied amounts of prophylactic, but no therapeutic protec­
tion. On the other hand, Penny (195*0 found that chloramphenicol 
(25-35 mg/kg) gave good therapeutic results, v/hich he interpreted as a 
result of the suppression of secondary invading bacteria, while Pugh (1956) 
could not reduce the-primary, experimentally induced pneumonia- but found
less reinfections in animals treated with similar levels of chloram­
phenicol. Mare & Switzer (1966c) found that tylosin tartrate (a drug 
commonly used to control mycoplasma infections) v/as ineffective, both 
as a prophylactic and therapeutic agent. Finally Huhn (1971) found 
that tylosin and erythromycin were ineffective as prophylactic agents. 
Thus, with the exception of the tetracyclines as prophylactic agents, 
no other antibiotic seems to have any action on this organism IN VIVO.
The discrepancies between the action of some antibiotics such as 
chloramphenicol, probably only reflect the importance of bacterial 
secondary infections on the systems used by the different authors.
Much less information is available about the IN VITRO suscepti­
bility of M. hyopneumoniae or M. hyorhinis. Betts & Beveridge (1952), 
Fontaine et al. (1953) and Takatori ,et al. (1967), all found that 
chlortetracycline and oxytetracycline strongly inhibited the organism 
(M. hyopneumoniae), as assessed by its ability to cause lesions, while 
penicillin and sulpha drugs did not. Takatori et al. (1967) also 
reported inhibition by streptomycin.
Studies of IN VITRO sensitivity, that is, the activity of anti­
biotics against strains grown in laboratory media, have been difficult 
to interpret, because the conditions of growth and assay have varied 
widely. For instance, many of the experiments were made with crude 
lung filtrate, therefore the inocula, apart from not being standardized 
might also have contained several species of mycoplasmas and even 
viruses.
More recently, some studies have appeared .which give more precise 
information. Friis (1971b), trying to find a medium which would 
selectively favour the growth of M. hyopneumoniae over M. hyorhinis, found 
that 0.005 mg/ml of cycloserine inhibited M. hyorhinis while allowing
H. hyopneumoniae to grow. Similarly, Yamamoto et al. (1971)* found
that kanamycin (2^rg/ml) had a analogous action. An interesting 
observation was made by Friis (1971c) who found that M. hyopneumoniae 
was sensitive to penicillin G. •
By using media containing these antibiotics, both authors reported 
a very high rate of isolation of M. hyopneumoniae from both artificially 
infected and naturally infected lungs.
This work was done in order to study the isolation and morphology 
oftporcine mycoplasmas, with special reference to M. hyorhinis and 
M. hyopneumoniae.
Materials and Methods
Strains of Mycoplasma: The strains of mycoplasma used throughout
this thesis, and their origin, are shown in table 1.1. Of these,
M. hyorhinis strain F v/as v/as used for colonial studies, strain Mhr 10/3 
for electrohrnicroscopy; strains Mhr 10/3, Mhr 2/5, Mhr 8/10, Mhr 3/5* 
Mhr 2A, Mhr 3/**- and S7 for antibiotic sensitivity experiments; strains 
Mhr/3/5, Mhr 2A, Mhr 3A, Mhr 8/10, Mhr 10/3 and Mhr 2/5 for tween 
sensitivity studies, and strains Mhr 3 A  for heat-susceptibility.
M. hyopneumoniae strain EP29 v/as used for colonial morphology studies; 
strain Mhp 5A  for electronmicroscopy; Mhp 5A i £25, SP29 and EP33 
for the antibiotic and tween trials, and Mhp 5A  for heat-susceptibility 
M. hyosynoviae strain P*f5 was used for morphology studies, as v/ell as 
M. gallinarum strain B2, Mycoplasma sp., strain B3* M. laidlawii strain 
B*f, and M. inors strain B6.
Culture Media and Methods: The formulae of the media employed
in this thesis are given in table 1.2. Of these, Hj E and HP solid 
and liquid were used for morphological studies, HjEj -HP and T liquid 
media, in addition to E and HP solid media were used for the first
isolation experiments: HP, E, Y, Y^ and F liquid, plus E and HP solid
media, were used for the second isolation trials and HP liquid medium 
only, was used for the antibiotic.sensitivity experiments.
The standard subculture method in fluid media was made by inocula­
ting 10 ml of fresh media with approximately 1 ml of a A-A-8 hour 
culture. --When sub culturing from solid to liquid, or solid to solid 
media, small blocks of agar containing colonies were cut with a sterile 
instrument, and either put into.the liquid medium, or pushed gently, 
facing downwards, across the surface of the plate. To passage from 
liquid to solid medium, two loopfulls, using a standard bacteriological 
loop, were plated, one as a single line and the other streaked. This 
system ensured that colonies were obtained, even if only a few organisms 
were present in the::broth, and at the same time gave well-isolated 
colonies if numerous organisms v/ere present.
The media v/ere incubated at 37°C* The plates were incubated 
inside a candle-jar (which gives approximately an atmosphere of 10 CO^ i 
90% air), v/ith the exception of those inoculated with M. hyosynoviae, 
which were incubated in N^ .
Serological Methods used for the Identification of Isolates
Metabolic-Inhibition Test (MIT): This was made according to the
method of Taylor-Robinson et al. (1966;, using the "microtitre" method. 
The volumes of each reagent used.are given in table 1.3» After setting 
up the plate, it v/as covered with cellotape to prevent contamination, 
and initially incubated at 37°C for 18 hours and read twice daily 
thereafter until a change of half a unit of pH occurred between the 
control inoculated and non-inoculated wells. A positive test shows 
inhibition or retardation of this change of pH due to the action of the 
antiserum, which is species-specific.-
Growth-Inhibition Tost (GIT): This v/as made using the disk 
technique described by Clyde (196^ ). Filter paper disks, 5 mm i*1 
diameter were sterilized in the autoclave. A drop of specific rabbit 
antiserum v/as then added to each, disk, and allowed to dry at 37°C f°r 
2 k hours in perforated plastic Petri dishes. They v/ere stored at 
-50°C until use.
The test v/as carried out by inoculating well-dried plates with an 
overnight culture of the suspected mycoplasma, using sterile cotton 
swabs, and streaking the plate in three directions to ensure uniform 
grov/th. After the inoculum had dried, the appropriate disks were 
deposited on the surface of the agar, and the plate ;incubated for 2 days 
(3-**- for M. hyopneumoniae). Zones of inhibition of growth around the 
disk defined the species of the test organism.
Production of Rabbit Antisera: These were prepared in a manner
similar to that described by Roberts (1968b). Adult rabbits (3 Kg. 
v/eight) v/ere inoculated by the intravenous route over a k week period, 
v/ith increasing amounts (1 to 5 ml) of a mycoplasma antigen prepared by 
concentrating X 30 broth cultures, and repeatedly washing them in 
sterile saline solution. The rabbits v/ere then allowed to rest for 1-2 
v/eeks, and then given a 5 ml intravenous booster. After 3 ~ k days, 
they were- test bled, and, if the serum titre was satisfactory (by the 
complement fixation test), they were anaesthetized and bled completely.
Production of Pig Antisera: Antisera were not used for characteri­
zation purposes, but for the agglutination and immunofluorescence tests, 
which are described in the next chapter. The antisera v/ere prepared in 
four week old HPCD piglets. The immunization schedule is given in 
table 1 A. The pigs v/ere finally anaesthetized with pentobarbitone and 
bled out. All sera were clarified by centrifugation and then sterilized 
by filtration through a Seitz asbestos filter, or a Millipore membrane
of 0.2 jx average pore diameter (APD). They were stored at -70°C until 
use.
Colonial Morphology: All strains were inoculated v/ith a loop in
appropriate solid plates, incubated 2 days (3-** for M. hyopneumoniae) 
in a candle jar and observed under the dissecting microscope (X 60 
magnification). The colonies v/ere photographed with a Leitz Panphot 
microscope.
Electronmicroscopy: The following method of sample preparation
was used. All strains were grown in 50 ml of appropriate broth for 2k 
hours. They were then concentrated 10 X by centrifugation at 12,000 g 
for 30 minutes at room temperature, and resuspended in 5 ml of fresh 
broth. They were then incubated for a further 2k hours, and fixed v/ith 
3% gluteraldehide for 30 minutes at 37°C. 'To ■ remove the media protein, 
v/hich interfered with the uniform spread of the negative stain, the 
method of Anderson & Doane (1972) was used. One drop of the concentra­
ted and fixed broth was put in a microtitre well, containing an electron 
microscope copper grid, coated with formvar and carbon, resting on top 
of solidified 1% Noble agar. The drop was left for 3U minutes, at room 
temperature. The grid was then removed, and the excess fluid blotted 
off. To further improve the spread of the stain, one drop of bacitracin 
10\yug/ml (Gregory and Pirie, 1972) v/as put on the grid, left for a few 
seconds, and the excess removed. The grid was then treated v/ith a 2% 
solution of phosphotungstic acid, pH 6.6. The preparation was studied 
and photographed in a Phillips 300 transmission electron microscope.
Isolation Procedures:
First Trials: These were.done at the beginning of this thesis.
A total of 66 lung samples v/ere obtained from Guildford slaughterhouse 
over a period of 9 weeks, from November to January. All these had 
characteristic lesions of Enzootic Pneumonia, with well outlined plum-
Table 1*1
Strains of Porcine Mycoplasmas Used
Species Strain Source
M. hyopneumoniae 11(P25) W.P. Switzer - Iowa State 
University, U.S.A.
M. hyopneumoniae EP29 C.L. L'Ecuyer - Hull, Quebec .
M. hyopneumoniae BP53 C.L. L'Ecuyer - Hull, Quebec .
M. hyopneumoniae 6238 D.H. Roberts - from a lung 
infected v/ith the ,,JM strain
M. hyopneumoniae 4-31 D.H* Roberts - Central Veterinary 
Laboratory, England
M. hyorhinis S? W.P. Sv/itzer - Iov/a State 
University, U.S.A.
M. hyorhinis GDL D. Taylor-Robinson - Salisbury, 
England.
M. hyorhinis F • Z. Dinter - Uppsala, Sweden.
A. p;ranularum 39 W.P. Sv/itzer - Iowa State 
University, U.S.A.
M. hyosynoviae P^5 D.H. Roberts - Central Veterinary 
Laboratory, England.
Mt hvosynoviae 416 R.F. Ross - Iov/a State 
University, U.S.A./
M. mallinarum B2 Z. DinterUppsala, Sweden.
Mycoplasma sp. B3 ,Z. Dinter - Uppsala, Sweden.
M. laidlawii Z. Dinter - Uppsala, Sweden.
M. iners B 6 Z. Dinter - Uppsala, Sv/eden.
In addition, a number of M. hyorhinis and M. hyopneumoniae strains v/ere 
used, that had been isolated at the Central Veterinary Laboratory as 
part of the ii/ork of . this thesis. These are written with the prefix 
Mhr or Mhp,- followed by two numbers separated by a stroke. (See 
table 1.5 )•
Table 1.2
Culture Media Used
H medium (for growth of Agr, B2 and B6):
"Difco" PPLO broth 2.1%
Inactivated horse serum 10%
Yeast Extract* 10%
Dextrose 0.1% w/v
. DNA 0.002%
Sterilize by filtration, adjust pH to 7*8* For solidified 
medium add:
Ionagar (Oxoid) 1%
B medium (for growth of Mhr, Mhs, B3» B*f and also Mhp if adapted:
"Difco" PPLO broth 2.1%
Unheated horse serum 20%
Yeast Extract* 10%
Dextrose 0.1%
DNA . 0.002%
Sterilize by filtration, adjust pH to 7*6. For solidified 
medium add:
Ionagar (Oxoid) 1%
HP medium (for growth of Mhp) to make 1 litre:
Hank's Balanced Salt Solution 40 ml
Hartley's Broth (Oxoid) 30 nil
Inactivated pig serum , 200 ml
Yeast Extract* 10 ml
Lnctalbumin Hydrolysate 0.3% w/v
DNA 0.002%
DPN 0.01%
Phenol Red 0.0013%
Sterilize by filtration, adjust pH .to 7*6. For solidified 
medium add:
Agarose 1%
Y medium (for selective isolation of Mhp):
As HP liquid medium, with 0.002 mg/ml Kanamycin
Y^ medium (for selective isolation of Mhp):
As HP liquid medium, v/ith. 0.002 mg/ml Kanamycin, and 0.01 mg/ml 
Neomycin.
F medium (for selective isolation of Mhp:
As HP liquid medium, with 0.03 mg/ml Cycloserine
(Continued)
Table 1.2 (Continued)
T medium (for growth of »Tn strains):
2.1%
10%
10%
0.1%
0.002%
0.0025%
adjust pH to 6.0. For solidified 
1.2%
+ Prepared by the method of Marshall 8c Kelsey (i960)
Mhp = M. hyopneumoniae B2 = M. gallinarum strain B2
Mhr = M. hyorhinis B3 = Mycoplasma sp. strain B3
Mhs = M. hyosynoviae B k = M. laidlawii strain B*f
B6 = M. iners strain B6
Tablo 1.3
Amounts of the Different Reagents Used in the Metabolic-Inhibition Test
1 2 3 k
Well No.
§ 6 7 ? ?+ 10+
Antiserum > 023"T 02T T 02?"T 025
^ ^  
.025 . 025 . 025 . 025 -r
Antigen* .05 .05 .05 .05 .05 .05 .05 .05 .05 -
Medium .125 .125 .125 .125 .125 .125 .125 .125 .150 .2
-.3
* = A young growing culture, diluted to 10
in sterile broth
+ = Antigen control
+ = Medium control
”Difcou PPLO broth 
Unheated horse serum 
Yeast Extract4 
Urea 
DNA
Phenol Red
Sterilize by filtration, 
medium, add:
Ionagar (Oxoid)
Table 1.4
Immunization Schedule for Pigs
'Day Live Antigen (in broth) Washed Antigen (in saline)
1 5 ml,intranasally 1 ml in Freundfs complete adjuvant, i/m
7 5 ml intranasally 1 ml in Freund's complete adjuvant, i/m
14 None 5 ml i/v
20 None 5 ml i/v
26 None 5 ml i/v
29 , None 5 ml i/v
41 None 5 ml i/v
51 Killed and bled out
i/m = intramuscular 
i/v = intravenous
coloured, or greyish pneumonic areas in the apical and cardiac lobes of
3the lung. At the junction of the normal and diseased areas, 1 cm of 
lung, including both normal and diseased tissue, v/as removed aseptically, 
placed in a tube containing1HP broth,•and left overnight at room 
temperature.
Cultural Methods: The lung segment was cut with sterile scissors,
and ground in the HE broth, using an MSB. homogenizer* The suspension
v/as then diluted in tenfold steps, to 1/10,000 in HP broth. One ml
of each dilution v/as inoculated into 10 ml volumes of HP and T broths,
'which v/ere incubated at 37°C for 15 days before discarding. Growth of
T strain mycoplasma v/as indicated by a colour change in the T broth.
Growth of mycoplasma in the HP broth was indicated by turbidity and/or
colour change. The broths were examined daily, and the highest dilution
showing colour change v/as subcultured into E and H broths and onto E
agar. This v/as done to establish the presence of strains other than
H. hyopneumoniae and nTn strain mycoplasmas.. The E and H broths were
incubated until turbidity occurred, and v/ere then subcultured unto E agar
plates, which were incubated at 37°C in a candle jar. In addition, all 
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10 and 10 dilutions of HP broths were subcultured into HP broth at 
weekly intervals, whether or not colour changes had occurred.
The E agar plates were examined after 3-^ days incubation. If
mycoplasma colonies were seen, cloning was carried out three times by 
single colony transfer, using E broth. The corresponding HP broth was 
passaged at least 3 times at weekly intervals, and plated onto E agar, 
and if well defined mycoplasma colonies still appeared after the fifth 
week, the HP broths were discarded because M. hyopneumoniae grew very 
poorly, if at all on E agar compared with other porcine mycoplasmas.
If t*he colour change occurred in the HP. broth and there v/ere no myco­
plasma colonies on subculture to E agar, the HP broth was then inoculated
in HP plates. These were examined at regular intervals during the 
15 day incubation period. Growth in HP agar and not in E agar is 
suggestive of M. hyopneumoniae . Grov/th-inhibition (GIT) a n d  metabolic- 
inhibition (MIT) tests v/ere used to type all isolates. Disks against 
the 8 porcine groups were included in each GIT. Strains' suspected of 
being M. hyorhinis, but giving doubtful or no inhibition in the GIT 
(serum-resistant strains, see next chapter), were then tested by the 
MIT, and some by a modified GIT (see next chapter), v/hich uses media 
with very fresh horse serum.
Second Trials: These were done near the end of the thesis,
in order to study the action of selective inhibition media, as described
JtJL'
by Friis (1971b) and Yamamoto.^ 1971)» &s well as the media developed as 
a result of the investigation on the antibiotic sensitivity of 
M. hyorhinis and M. hyopneumoniae (see below).
The isolations were carried out by the mycoplasma diagnosis 
section of this laboratory. In these trials, a protocole similar to 
that of the first trials was used for the obtainment of samples 
characterization of isolates, etc. However, the lungs were homogenized 
and inoculated immediately after obtaining them, without overnight 
incubation, and a ’’stomacher" apparatus (Stomacher '400, Model BA 6021;
A.J. Seward & Co.) v/as used to homogenize the tissue, instead of the 
MSC homogenizer. The media used for growing-the homogenate were:
HP,E,Y,Y1 and F.
Sensitivity to Antibiotics, Tween Compounds and Heat
Antibiotic Spectrum: The following antibiotic preparations
were incorporated at the indicated concentrations into 3 ml of HP broth: 
a) penicillin Sodium (Imperial Chemical Ind.) at concentrations of 0.2- 
20,000 u/ml. b) ampicillin.("Pembritin" - Beecham Veterinary Products), 
0.0001-10 rag/ral, c) erythromycin sulphate ("Erythrocin” - Abbot Labs.),
0.00003-3 mg/ml; d) neomycin ("Neojectin" - Willows Francis), 0.0001- 
10 mg/ml; e) cloxacillin (chlorphenylpenicillin, "Orbenin" - Beecham 
Veterinary Products), 0.0001-10 mg/ml; f) streptomycin sulphate 
(Glaxo Laboratories), 0.0002-20 mg/ml; g) cycloserine (Eli Lilly 
Laboratories), 0.00005-3 mg/ml; and h) kanamycin ("Kanacyn" - V/inthrop 
Laboratories), 0.00002-2 mg/ml (all in logarithmic dilutions). All 
media wore prepared immediately prior to use, and each tube was inocula­
ted with 0.5 ml of a 48 hour broth culture of the adequate strain of 
mycoplasma. The tubes were incubated for one week, and evidence for 
growth was determined from colour changes in the media which were 
incubated for tv/o more v/eeks, and any other changes recorded. Growth 
v/as classified in three grades, on the basis of colour change: 3-
complete growth (yellow colour); 2) suboptimal growth (orange-yellow 
colour); 1-moderate growth (Orange colour) and 0-no grov/th (red colour). 
Control uninoculated tubes, with and without antibiotics, v/ere included.
It is noted that the minimal inhibitory concentration (MIC) as 
calculated here, is a function of the inhibition of glucose metabolism, 
and does not necessarily imply that the organisms have been killed.
These IN VITRO results are therefore only given as a guide to what level 
of antibiotic is practicable to use under field conditions.
Optimal Antibiotic Concentration: To determine more accurately
the inhibitory concentration of 3 antibiotics which showed promising 
results, this experiment was made. Neomycin in concentrations of 
0.1, 0.01-0.0006 mg/ml, erythromycin in concentrations of 0.5» 0.05- 
0.003 mg/ml (both in double dilutions) and kanamycin, in concentrations 
of 0.0002-0.02 mg/ml (in.logarithmic dilutions) were used as described 
before. In another experiment a kanamycin (0.002 mg/ml) - neomycin 
(0.01 mg/ml) mixture was used.
Detergent Sensitivity; Absolute Activity: Tween 40 (Koch Light
Labs.) at concentrations of 20-0.0002 mg/ral (logarithmic dilutions) 
and Tween 6u (Koch Light Labs.) at the same concentrations, were used, 
and the experiment set up as before.
Rate of Activity: In this experiment, the action of tweens was
investigated as a function of time of exposure. Tubes containing 
tween 40 (0.2 mg/ml) or tween 60 (0.2 mg/ml), were prepared, inoculated 
with the appropriate mycoplasma and incubated at 37°C. Samples of 
0.5 ml were withdrawn at 3, 10, 20, 40 and 60 minutes, and inoculated 
into normal HP broth without inhibitors. Interpretation of the results 
was done as before.
Heat sensitivity: A limited trial v/as conducted to determine if
M. hyopneumoniae v/as more heat stable than M. hyorhinis, and this could 
be used to favour its multiplication. Small (5 x 13 nun)- screw-capped 
bottles were filled with 1 ml of either M. hyorhinis or M. hyopneumoniae, 
and put in a v/ater-bath at.46°C. At 15, 3u, 45, 60, 90, 105, 120 and 
133 minutes one bottle was removed and immediately put into a tube with 
HP. medium. These v/ere then incubated for 3 weeks and observed weekly 
for colour changes.
Results
Morphology
The morphology of the colonies of the more common porcine myco­
plasmas, is-illustrated in figures 1.1-1.4. All the species studied 
with the exception of M. hyopneumoniae formed typical fried-egg 
colonies. M. hyopneumoniae colonies were small, about 0.04 mm in
diameter. Although the centre was somewhat denser than the rest of
the colony, a proper "fried-egg" colony was not observed. A characteris 
tic of these colonies was that they were often elongated, following the
loop streak (fig. 1.1). This v/as not seen in any of the other species. 
M. hyorhinis (fig. 1.2) produced.colonies of varied sizes, ranging from 
0.1 to 0.3 mm in diameter. M. hyosynoviae (fig. 1.3) colonies were 
about 0.1 mm diameter, and A. granularum (fig. 1.4) colonies v/ere about 
0.3 mm diameter. None of these 3 latter species* colonies v/ere 
differentiable among themselves, or from colonies of M. gallinarum (B2) 
Mycoplasma sp. (B3), M. laidlav/ii (B4) or M. iners (B6).
The electronmicrographs of the species studied are illustrated in 
figs. 1.5-1•13• M. hyopneumoniae cells measured usually 300-600 mjk . 
(figs. 1.5a, 1.5b, 1.6), but occasionally, larger forms v/ere present, 
of about 1000 m ji. These organisms were usually circular (fig. 1.5a) or 
ovoid in shape, although ring forms (fig. 1.5b) were very commonly 
present the same as filamentous forms (fig. 1.6), specially when the 
organisms were bound in clusters. In these clusters, pear-shaped forms 
v/ere also common (fig. 1.6). The organisms were bounded by a trilaminar 
membrane (fig. 5a).
The structure of M. hyorhinis was similar (fig. 1.7)» small 
bodies 300-300 mp. were evident, as well as larger forms, up to 1100 mp. 
diameter. Ring forms were also present, although less frequently than 
in preparations of M. hyopneumoniae. Filamentous structures were 
commonly found as well as non-filamentous cells. The cells were bounded 
by a triple-layered membrane.
M. hyosynoviae measured 500-700 mji, the cells were always round or 
ovoid, and filaments were never seen. In some preparations, a triple . 
layered membrane and some internal structure were evident, but more 
commonly, (fig. 1.8) the cells looked empty, v/ith no internal structure • 
Some cells seemed to be connected by a fine filament. A. granularum 
cells v/ere uniformly round or ovoid, 300-400 m^i in size (fig. 1.9), and 
no filaments were seen, but there v/as some evidence of a triple-layered
Colonial morphology of H, hyopneumoniae. Colonies are showing the 
absence of a distinct central nipple and the tendency of the cells to 
follow the line of the inoculation streak. X 153•
Fig. 1.2
Colonial morphology of M. hyorhinis. Note different colonial sizes. X 60
Colonial morphology of M. hyosynoviae, X 60.
Fig. 1.^ -
Colonial morphology of A. granularum. X 60.
The microscopic morphology of M» hyopneumoniae. (A) rounded cells 
(B) ring form. X 25*600.
Fig. 1.6
The morphology of M. hyopneumoniae. The pear-shaped cells are adjacent 
to some filaments. X 25*600.
x 5 «  » I
The morphology of M. hyorhinis. Large and small cells are present. 
Filaments and ring forms can also be seen. X 25,000.
Fig. 1.8
The morphology of M. hyosynoviae. A cell apparently with no internal 
structure, and no evidence of trilaminar membrane is connected by a 
filament to another similar cell. X 25,600*
The morphology of A. granularum. Round or oval cells with triple 
layered membrane are seen. X 25,600.
Fig. 1.10
The morphology of M. gallinarum (B2). Round cell showing the suggestion 
of filament or bud~'formation. X 25,600.
The morphology of Mycoplasma sp. (B3). Very filamentous cells, with 
many round cells, some ring forms and pear-shaped cells. X 12,500.
Fig. 1.12
The morphology of M. laidlawii (B*0 • Round cell with a filament. X 25,000.
t
FiK. 1.13
The morphology of M. iners (B6). Round or ovoid cells with filaments 
and triple layered membrane. X 25,000.
membrane. M. gallinarum strain B2 was uniformly circular in shape, 
500-1100 mp. in size. Occasionally cells (fig. 1.10) had a slight 
suggestion of filament formation. Mycoplasma sp. strain B3- was very 
filamentous (fig. 1.11). The cells were mostly round, but ring forms, 
and pear-shaped structures were sometimes evident. M. laidlawii strain 
B*f was usually round or ovoid in shape, 3^0-500 mjx in size, with fila­
ments radiating from the cells (fig. 1.12). M. iners (B6) cells were 
50~ ‘ "' ’ round or ovoid and filamentous, with clear
triple-layered membrane (fig. 1.13)•
Isolations from Lungs
First Trials: A total of 27 isolates of M. hyorhinis and 2
isolates of M. hyopneumoniae were recovered from the 66 pneumonic lungs. 
Table 1.5 shows the distribution of M. hyorhinis and M. hyopneumoniae 
over the 9 week period. As only 2 lungs were examined in the ninth 
week, sections of lungs from areas with normal appearance were also 
examined for mycoplasmas, and 5 isolates of M. hyorhinis were recovered. 
Growth occurred at the highest dilution in all cases.
In no' case was any cross-reaction between the different mycoplasma 
groups observed. Of the 27 M. hyorhinis strains isolated, 17 were serum 
resistant (that is* not typable in the normal growth-inhibition test 
on E medium), and 10 were serum-sensitive (strains giving a positive,
GIT- see next chapter). All serum-resistant strains were positively 
typed with the metabolic-inhibition test, or the modified GIT (see next 
chapter).
M. hyopneumoniae was isolated on two occasions only. The first 
isolate, which was made in the fourth week, caused a rapid acidification
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of the medium, and was recovered from a 10 broth dilution. The other 
isolate was recovered on the ninth week, after four weekly blind passages 
on the HP broth, and was not so active in metabolizing, the glucose.
Table 1.3
Recovery of Porcine Kycoplasmas from Pneumonic Lungs (First Trial)
Week No* of lungs examined
Mhr
isolates Code No.
Mhp
isolates Code No.
1 8 7 Mhr 2/1 
Mhr 2/3 
Mhr 2/4 
Mhr 2/3 
Mhr 2/7 
Mhr 2/8 
Mhr 2/9
2 8 7 Mir 3/4 
Mhr 3/3 
Mhr 3/6 
Mhr 3/7 
Mhr 3/tf 
Mhr 3/9 
Mhr 3/10
3 8 1- Mhr 4/7 - -
4 8 - - 1 Mhp 3 / b
3 ' 8 2 Mhr 6/4 
Mhr 6/7
- -
6 8 2 Mhr 7/6 
Mhr 7/9
- - :
7 8 3 Mhr 8/7 
Mhr 8/8 
Mhr 8/10
- -
' 8 8 1 Mhr 9/3 1 Mhp 9/1
9 2 3 Mhr 10/3 C 
Mhr 10/3 0 
Mhr 10/4 C 
Mhr 10/4 E 
Mhr 10/4.0
TOTAL 66 27 2
Khr ss K. hyorhinis
Mhp = M. hyopneumoniae
None of these two lung samples contained M. hyorhinis. No other 
Mycoplasma species were isolated.
Second Trials:' The results can be seen in table 1.6. Positive 
isolations were obtained from 13 lungs (3**%)« Six lungs (13%) yielded
H. hyopneumoniae^ o f’ these, five also had M. hyorhinis. Twelve 
lungs (31%) yielded M. hyorhinis, either alone, or in combination with 
M. hyopneumoniae. Three of the M. hyopneumoniae were isolated in Y 
medium, and one each in S, HP and F media. Of the 12 M. hyorhinis 
recovered, only two grew in Y medium, and two more in F medium. Several 
isolates died before they could be typed.
Antibiotic Sensitivity: The results can be seen in tables, 1.7,
I.6 and 1.9 which show that penicillin, cloxacillin, ampicillin and 
cycloserine, had little effect on the growth of these organisms. Some 
strains were very resistant and some very susceptible to streptomycin, 
and similar results were obtained with erythromycin. The only effective 
antibiotics were kanamycin (0.02 mg/ml) and neomycin (at 0.01 mg/ml).
When combined, they prevented the growth of a variety of M. hyorhinis 
strains, with the exception of Mhr 2/4, while allowing all M. hyopneumo­
niae strains to grow (table 1.9).
Sensitivity to Tween Compounds: The results can be seen in tables
1.10 and 1.11. M. hyorhinis strain Mhr 8/10 proved very resistant both 
to the action of tween 40 and 60. All other strains of M. hyorhinis 
and M. hyopneumoniae seemed about equally susceptible (table 1.10).
The action of tweens used at their minimal inhibitory concentration did 
not completely inactivate the organisms until after 4u minutes of 
exposure (table 1.11). Again, no differences between the‘sensitivity 
of M. hyorhinis and' M. hyopneumoniae were observed.
Heat Sensitivity: M. hyopneumoniae was completely ,inactivated
at 46°C within 43 minutes, while M. hyorhinis only started to be inacti-
Table 1.6
isolation of Mycoplasma from Pneumonic Porcine Lungs using Selective 
Media (Second Trial)
Lung Species isolated Media
1 Mhp M
2 Mhr & Mhp : Mhr in E: Mhp in Y
3 Mhr 8: Mhp . Mhr in E: Mhp in Y
k Mhr E 8c Y
5 Mhr HP
6 Mhr 8c Mhp Mhr in E: Mhp in Y
7 Mhr Y .
b Mhr S
9 Mhr 8c Mhp F
10 Mhr 8c Mhp HP
11 Mhr HP
12 Mhr ' F •
13 Mhr
Mhr = H. hyorhinis 
Mhp = M. hyopneumoniae
Table 1.7
.1
Sensitivity of M. h'yorhinio and M. hyopneumoniae to Several Antibiotics
Strains
Antibiotic M. hyopneumoniae M. hyorhinis
5 A P25 EP29 10/3 2/5 . S/10
pen.20000 u/ml 2 2 2 3 3 3
2000 u/ml 5 3 3 3 3 3
200 u/ml 5 v3 3 3 3 3
20 u/ml 3 3 3 3 3 3
2 u/ml 3 3 3 3 3 3
0.2 u/ml 3 3 3 3 3 3
amp.10 mg/ml 1 2 2 3 3 3
1 mg/ml 3 3 3 3 3 3
0.1 mg/ml 3 3 3 3 3 3
0.01- mg/ml 3 3 3 3 3 3
0.001 mg/ml 3 3 3 3 3 ’ 3 '
0.0001 mg/ml 3 3 3 3 3 . 3
ery.5 mg/ml 0 0 0 0 0 0
0.5 mg/ml 0 0 0 0 0 0
0.05 mg/ml 0 2 3 0 0 3
0.005 mg/ml 2 2 3 ‘ 3 3 3
0.0005 mg/ml 3 3 3 3 3 3
0.00005 mg/ml 3 3 3 3 3 3
neo.10 mg/ml 0 0 0 0 0 0
• 1 mg/ml 0 0 0 0 0 0
0.1 mg/ml 0 0 0 0 0 0
0.01 mg/ml 0 0 3 0 0 0
0.001 mg/ml 1 3 • 3 . 3 3 . 3 .
0.0001 mg/ml 3 3 3 3 3 3
clo.10 mg/ml 1-2 2 2-3 0 0 1-2
1 mg/ml 3 3 3 ’■ 3 3 3
0.1 mg/ral 3 3 3 3 3 3
0.01 mg/ml 3 3 3 3 3 3
0.001 mg/ml 3 3 3 3 3 3
■ O.OOOlmg/ml 3 3 3 3 3 3
str.20 mg/ml 0 0 1 0 0 0
'2 mg/ml 0 0 2 0 • 0 0
0.2 mg/ml 0 0 3 1 0 0
0.02 mg/ml 0 0 3 2 0 3
0.002 mg/ml 1 0 3 3 0 3
0.0002 mg/ml ' 2 1 3 3 3 3
(Continued.••.)
Table 1.7 (Continued)
Strains
Antibiotic M. hyopneumoniae M. hyorhinis
5 A P23 EP29 10/3 2/3 • 8/10
eye. 2 mg/ml 3 .3 3 3 3 3
; 0 .2 mg/ml 3 3 3 3 3 3
0.002 mg/ml .3 3 3 3 3 3
0.0002 mg/ml 3 3 3 3 3 3
0.00002mg/ml 3 3 3 3 •3 3
kan. 2 mg/ml 0 0 0 0 0 0
0.2 mg/ml 0 0 0 0 0 0
0.02 mg/ml 0 0 1 0 0 0
0.002 mg/ml 3 3 3 0 3 0
0.0002 rag/ml 3 3 3 1 3 0
0.00002rag/ml 3 3 3 3 3 3
pen. - penicillin clo. - cloxacillin
amp. - ampicillin str. - streptomycin
ery. - erythromycin eye. - cycloserine
neo. - neomycin kan. - kanamycin
0 - No growth (red colour)
1 - Poor growth (orange colour)
2 - Suboptimal growth (orange-yellow colour)
3 - Optimal growth (yellow colour)
Table 1.8
Sensitivity of M. hyorhinis and M. hyopneumoniae to Erythromycin and 
Neomycin
Strains
Antibiotic M. hyopneumoniae M. hyorhinis
5 A P25 EP29 8/10 IO/3 2/5
ery.0.3 mg/ml 0 0 0 0 0 0
0.03 mg/ml 0 0 0 0 0 0
0.025 mg/ml 3 3 0 0 0 0
0.012 mg/ml 3 3 0 3 3 3
O0OO6 mg/ml 3 3 3 3 3 3
0.003 mg/ml 3 3 3 3 3 3
neo.0.1 mg/ral 0 0 0 0 0 • 0
0.01 mg/ml 3 3 3 • 0 0 0
0.005 mg/ml 3 3 3 3 2 30.0025 mg/rnl 3 3 3 3 3 3
0.0012 mg/ml 3 3 3 3 3 3
0.0006 mg/ml 3 3 3 3 3 3
Table 1.9 •
Sensitivity of M. hyorhinis and M. hyopneumoniae to Ka.mycin alone and 
in combination with Neomycin
Antibiotic
St
M. hyopneumoniae 
3/4 4-31 P23 EP33 EP29
rains
M. hyorhinis 
2/3 3/3 2/4 3/10 3/4 S7 8/10
kan.0.02 mg/ml 
0.002 mg/ml 
0.0002mg/ml
Kan.0.002 mg/ml 
plus 
neo.0.01 mg/ml
0 0 0 1 0 
3 3 3 3 3 
3 3 3 3 3
3 3 3 3 3
0 ’ 0 0 0 0 0 0 
0 0 3 0 . 0  0 0 
1 0 3 1 3 3 3
0 0 3 0 0 0 0
Table 1.10
The Effect of Tweens 40 and 60 on M. hyorhinis and M. hyopneumoniae
Tween K.
3/4
S ti
hyopneumoniae 
P25 EP29
'ains
M.
8/10
hyorhinis
10/3 2/3
Tween 40 20 mg/ml 0 0 0 3 0 0
2 mg/ml 0 0 0 3 0 0
0.2 mg/ml 3 3 3 3 3 3
0.02 mg/ral 3 3 3 3 3 3
0.002 mg/ml 3 3 : 3 3 3 3 .
Tween 60 20 mg/ml 0 0 0 3 0 0
2 mg/ml 0 0 0 3 0 1
0.2 mg/ml 3 3 3 3 3 3
0.02 mg/ml 3 3 3 3 3 3
0.002 mg/ml 3 3 3 3 3 3
Table 1.11
Hate of Inactivation by Tween 0^ and 60 at their Minimal Inhibitory 
Concentration on M« hyorhinis and H» hyopneumoniae.
Strains
Tween M. hyopneumoniae M. hyorhinis
P25 EP33 EP29 3/3 2 A 3 A
Tween 4-0 (0.2 mg/ml)
5 mins.. 3 3 3 3 3 3
10 rains. 3 3 3 3 3 3
20 rains. 3 3 3 3 3 3
4-0 rains. 0 0 0 0 0 0
60 mins. 0 0 0 0 o 0
Tween 60 (0.2 mg/ml)
5 rains. 3 3 3 3 3 3
10 rains. 3 3 3 3 3 3
15 mins. 3 3 3 3 3 3
20 mins. 3 3 3 3 3 3
kO mins. 0 0 0 0 0 0
60 mins. 0 0 0 0 0 0
Table 1,12
Heat-Inactivation of M.' hyorhinis and M. hyopneumoniae at 46°C
Strain
Time (minutes) M. hyopneumoniae M. hyorhinis
Khp5A Mhr 5 A
0 . ' 3 .3
15 3 • ' , 3
30 3 3
5^ 0 3
60 0 3
75 0 3
90 0 3
105 0 3
120 0 3
135 0 1-2
vated after 135 minutes at 46°C (table 1.12).
Discussion
Morphological Studies: The colonial morphology of the different
porcine mycoplasma was similar to that previously described (Switzer 
1955?- 196^ ; Goodwin et al. 1965; Ross & Karmon 1972) • The different 
species were not easily differentiable by their colonial morphology, 
except that of M. hyopneumoniae, which was smaller, devoid of central 
nipple and sometimes followed the line of the inoculation streak. Friis 
(1972) reported that his new isolate M. flooculare had a similar colonial 
morphology to M. hyopneumoniae, being only distinguishable by serological 
procedures. This organism is not included in this study, as it had not 
been described when this work was done.
Although there are many reports on the morphologic features of
porcine mycoplasmas, it is difficult to interpret the results because 
the preparations were made using methods which might distort the 
organisms. Even in recent studies (Livingston et. al. 1972), centri­
fugation of unfixed samples is common. The method used here was
devised to give undistorted and concentrated samples. Fixation prior 
to centrifugation was not used, because centrifugation might distort the 
organisms even after fixation. It was thought therefore, that if they 
were incubated overnight after centrifugation, and then fixed, a more 
undistorted sample would be obtained. The results indicate that 
different morphological features were shown in the several species 
studied, and these could be repeatedly demonstrated. Of special 
interest was the demonstration of a filamentous stage in M. hyorhinis 
cultures. Although this observation seems to clear some doubt concernin 
this aspect of the morphology of H. hyorhinis, it also shows that
electronmicroscopy cannot bo used to differentiate M. hyorhinis from 
M. hyopneumoniae in mixed cultures, as their morphological features 
are so similar. The fact that M. hyorhinis was found to be as filamen­
tous as M. hyopneumoniae, contradicts the observations made by other 
authors (Switzer 1955; Hummeler et al. 1965; Baskerville 1972) but 
agrees with the observations of Joncas et al. (1969) and Potgieter et al. 
(1972). There are no published descriptions of the electronmicroscopic 
appearance of M. hyosynoviae and A. granularum. M. hyosynoviae 
cultures had empty-looking cells. According to Boatman (1973)» all 
large, empty-looking cells should be regarded as non-viable. These 
M. hyosynoviae cells did not have the globose appearance of old cells, 
but it cannot be discarded that these structures represented dead 
organisms.
Experience was gained in recognizing mycoplasma colonies and cells 
and in differentiating them from artifacts, but morphology alone proved 
of little value in differentiating between the different porcine myco- 
.plasma species.
Isolation Trials; The isolation of certain pathogenic mycoplasmas 
from pest-mortem material has often proved very difficult.
M. hyopneumoniae does not appear to be an exception to this rule.
The first trials were designed to test the hypothesis that, because 
M. hyopneumoniae is more pathogenic than M. hyorhinis, it would exist in 
greater numbers in pneumonic lungs, and therefore the lung suspension 
was diluted. Another potent reason for using the dilution method 
derived from the demonstration by Kaklamis et al. (1969) was that 
mycoplasmicidal factors were sometimes present in tissue extracts, which 
killed the organisms by lysis. These workers studied experimental 
infections with various mycoplasmas, and found that, in their attempts 
to reisolate the organisms, concentrated tissue homogenates were often
negative, whereas high dilutions of the same homogenate contained 
detectable mycoplasmas. Frequent subcultures were done because there 
was some evidence that M. hyorhinis would die after 3-*^  days in the 
medium at 37°C (Switzer 196 )^.
However, despite all these measures taken to inhibit M. hyorhinis, 
it was frequently isolated, while M. hyopneumoniae was only isolated on 
two occasions in the first trials. The isolation rate for M. hyorhinis 
dropped sharply after the second week (see table 1.5)» &nd it was 
suspected that there was some defect in the batches of medium used at 
those weeks. When the lung homogenates were plated directly onto HP 
agar, pinpoint colonies sometimes appeared. These were similar to 
those reported by Goodwin and Pryor (1970) who claimed they were 
M. hyopneumoniae, but in this study, the organism always proved to be 
M. hyorhinis.
The difficulties experienced in isolating M. hyopneumoniae from 
field lungs may be similar to those encountered in the isolation of 
M. gallisepticum from the field. This organism is frequently over­
grown by M. gallinarum, and it is very difficult to isolate, even in 
experimentally infected animals, 5 weeks post inoculation (Roberts, 
Olesiuk and van Roekel, 1967).
It is possible that the tendency of the high-speed horaogenizer to 
generate heat may have caused loss of viability of M. hyopneumoniae, 
while affecting M. hyorhinis less, as it seems that M. hyopneumoniae is 
more susceptible to heat than M. hyorhinis. Another possibility is 
that leaving the pieces of lung in broth overnight may have caused 
loss of viability due to toxic products. However, Goodwin (1972) did 
not find any inhibition for at least 7 days, when intact lung pieces 
v/ere left at room temperature*
The fact that one of the- M. hyopneumoniae isolates did not start 
to acidify tho medium until after four blind passages at weekly 
intervals was interesting, because it demonstrates tho importance of 
giving several blind subcultures before discarding the culturo, if 
optimum rate of isolation is desired. The IIP broth used in the present 
study did not, as expected, prove inhibitory for M. hyorhinis, as this 
organism readily survived one week in such medium, nor was the dilution 
method usoful in separating M. hyorhinis from M. hyopneumoniae, v/hich 
seems to indicato that these two organisms are both present in high 
concentrations in pneumonic lungs.
In the second trials definite improvement was obtained by using 
selective media. Unlike■the first trial, where only 3% o f the lung 
samples yielded M. hyopneumoniae and h l% yielded M. hyorhinis, when 
selective media were employed, 13% of the lungs yielded M. hyopneumoniae. 
Nearly all of these'lungs also contained M. hyorhinis. This improved 
rate of isolation was obtained even when this trial was done by the 
diagnostic section, under routine work conditions, and it was conducted 
during late spring and early summer, which is a less favourable time 
of the year for the collection of pneumonic lung samples than late 
winter, when the first trial was made. There can therefore be little 
doubt that the use of selective media improved the isolation rates of 
M. hyopneumoniae. The medium which was found most favourable (Y medium) 
was similar to that described by Yamamoto^(1971), with the exception 
that anti-M. hyorhinis antiserum was not added, as this was found to be 
of little use. Friis (1971b) cycloserine-containing medium did not 
prove suitable for the isolation of K. hyopneumoniae, as had already 
been seen in the IN VITRO experiments.
Another reason for the improved rate of isolation might be the 
rapid processing of samples, therefore preventing inhibition by
substances derived from the autolysis of the lung sample, and the use 
of the I,stomacher11 apparatus, as this prevents the excessive heat 
produced by the MSC homogenizer. The isolation results given here 
represent the expected rate of isolation of M. hyopneumoniae under 
routine conditions. The improvement of the GIT (see next chapter) ■ 
also reflected in a.more efficient typing of organisms, especially in 
mixed cultures.
An unexpected result was the isolation of one M. hyopneumoniae 
strain in E medium only, as this medium is normally unable to grow 
M. hyopneumoniae from the field. This underlines the necessity for 
the inclusion of diverse media if the optimum rate of isolations is to 
be obtained.
A procedure for obtaining optimum rates of isolation of
M. hyopneumoniae would seem to be: a) process the lung sample as
quickly as possible, b) homogenize in a "stomacher" or other mild
-1 -6method, c) dilute the homogenate from. 10 to 10 , d) use several 
media (E, • H, HP and Y seem to be the best combination). Using this
procedure, in addition to serological methods (see chapter II), most of 
the suspected cases of Enzootic Pneumonia should be confirmed.
Sensitivity of M. hyorhinis and M. hyopneumoniae to Antibiotics, 
Tween: Compounds and Heat: The antibiotic sensitivity trials readily
confirmed Yamamoto^£ (197D} observations that kanamycin can be used to 
selectively inhibit the growth of M. hyorhinis. In addition, neomycin 
was found to have a similar action. It was not possible to confirm 
Friis1 observations regarding the selective inhibition of M. hyorhinis 
by cycloserine, nor the susceptibility of M. hyopneumoniae to penicillin 
(Friis, 1971c). According to this author, penicillin sensitivity was 
an important factor in the poor isolation rates of M. hyopneumoniae by 
other authors, as this antibiotic is routinely added to most selective
media. In this study, it v/as found that only a moderate inhibition of 
M. hyopneumoniae occurred when 20,000, but not 2,000 p/ml of penicillin 
were added. This is far in excess of the level routinely employed 
(200-1000 u/ml). The strains used in this study were laboratory 
adapted, and had been isolated originally in penicillin-containing media, 
which could reflect in an increased tolerance although this was dis­
continued after isolation. Penicillin v/as not used in the second 
isolation trials to prevent interference with the other antibiotics.
All other penicillin-like antibiotics (ampicillin, cloxacillin) did not 
cause any inhibition either.
Of interest was the varied susceptibility to streptomycin, which 
was strain, but not species-specific. All the early transmission 
experiments (mainly prior to I960) included this antibiotic as a 
bacterial inhibitor, and, as it will be shown later (chapter III), so 
did most of the experiments of pathogenicity in tissue cultures (this . 
was due to the mistaken belief that M. hyopneumoniae v/as a viral agent). 
Streptomycin inhibition of M. hyopneumoniae has already been described 
(Betts & Campbell, 1956; Takatori et al. 1967), and the widespread use 
of this antibiotic poses serious problems of interpretation of most of 
the early work done with this organism. There seems to be little 
doubt that streptomycin resistance can be acquired by the organisms under 
field conditions. M. hyorhinis strain Mhr 3/10, for example, had never 
been in contact with this antibiotic, yet it was fully resistant to it.
It is impossible at present to determine what relationship, if any, has 
streptomycin resistance with pathogenicity.
Although cycloserine showed no activity IN VITRO, it was included 
in the set of isolation media, because Friis (1971b) found it very 
effoctive'for this purpose. Each time that isolations were made in 
this medium, M. hyorhinis also grew. Because of this, it would seem
that cycloserine is not a very effective antibiotic to be used for the 
field isolation of M. hyopneumoniae.
The kanamycin-neomycin mixtures were very effective IN VITRO, in 
inhibiting M. hyorhinis. But under field conditions, the mixture 
proved too inhibitory, as no isolations were made in this medium. On 
the other hand, kanamycin, when used alone, proved to be an extremely 
effective antibiotic for the isolation of M. hyopneumoniae. Of the six 
K. hyopneumoniae isolates 3 were recovered in this medium, and in every
case M. hyorhinis was also present in the lung, but failed to grow in Y
medium. The inhibition of M. hyorhinis v/as not complete, hov/ever, as 
two strains of this organism were recovered in the Y medium. This had 
already been seen IN VITRO, where strain Mhr 2/4 v/as not inhibited by 
kanamycin at this concentration.
The tv/een trials v/ere made based on the observation made by
V/olford & Hetrick (1972), that M. hyorhinis is more susceptible to the
action of nonionic detergents than M. hominis, M. orale or M. laidlawii. 
However, in this experiment, M. hyorhinis and M. hyopneumoniae had the 
same susceptibility to the concentration of the detergent and to its 
rate of inactivation.
Under the conditions studied, M. hyorhinis proved more heat- 
resistant than M. hyopneumoniae. This does not necessarily mean that 
M. hyopneumoniae is more heat-susceptible, because only one temperature 
was tried, and because HP medium (or any other medium without inhibitors) 
will grow M. hyorhinis much botter than M. hyopneutnoniao, and v/ould 
therefore detect small numbers of M. hyorhinis but not of M. hyopneumoniae 
Hov/ever, these results lead to the conclusion that selective heat inacti­
vation is probably not very efficient as a means of separating 
M. hyorhinis from M. hyopneumoniae.
Tho studios in this chaptor have helped in providing a better 
understanding of the ultrastructure of various porcine mycoplasma, 
especially of M. hyorhinis, where 'some arguement existed. They have 
also provided some insight on the problems relating to the isolation 
of mycoplasmas from field material, particularly of M. hyopneumoniae 
which is. very fastidious in its grov/th requirements.
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Chapter II
Serological Characteristics of K. hyopneumoniae and M. hyorhinis
Introduction
The serological characteristics of M. hyopneumoniae and 
M« hyorhinis have been intensively studied, both with regard to the 
demonstration of antibodies against them, and also regarding their 
serological characterization, and the detection of the organisms in 
infected tissues.
A'r) Detection of Antibodies in Infections caused by M. hyopneumoniae 
and M. hyorhinis
The difficulty of establishing an accurate diagnosis of Enzootic 
Pneumonia has provided an incentive for the development of effective 
and rapid serological diagnostic tests. These have included comple­
ment fixation, haemagglutination-inhibition, immunofluorescence, tube 
and latex agglutination, metabolic inhibition and growth inhibition 
tests.
1) Complement fixation test (CFT)
From the evidence available it appears that the CFT is probably 
the most useful diagnostic method. This test employs either the use
of a) non inactivated pig serum, or, b) heat-inactivated pig serum 
supplemented with fresh calf serum.
Roberts (1968^  evaluated the CF test, and noted that heating the 
pig serum (at $ 6°C for 30 mins) resulted in a striking, but not regular 
loss of its activity. Untreated serum elicited a procomplementary
effect up to dilution of 1/^ 0, which prevented detection of low titre 
samples. This was demonstrated by Eskildsen et al. (1971) to be due to 
the fact that unheated pig serum would haemolyse red blood cells up to 
a dilution of 1/10-1/20, and could also activate minimal amounts of 
complement to produce a false negative where good fixation existed.
Boulanger and L*Ecuyer (1968), obtained satisfactory results 
after supplementing heated pig serum with normal calf serum, having 
observed that the loss of titres due to the heating v/as -restored by this 
treatment. These results v/ere confirmed by Takatori et al. (1968). 
However, Eskildsen et al. (1971) found that, while the addition of calf 
serum does eliminate the undesirable characteristics of heated serum, 
few calf sera were suitable for this purpose.
Goodwin et al. (1968a,b) found that in experimentally infected 
animals, a rise in CF titre v/as detected, but that it did not correlate 
we11 with the immune status and although it tended to rise very quickly, 
it decreased after 39 weeks. Hodges and Betts (1969a) found that 12% 
of animals without macroscopic pneumonia coming from infected herds 
gave positive CF tests, whereas only 6l% of pigs with pneumonia were 
positive. In another set of experiments the figures were 69% and 8l% 
respectively. They used a CFT with unheated serum similar to the one 
used by Roberts. Roberts and Little (1970b) found that only 3 out of 8 
pigs of l*f weeks of age, inoculated experimentally with M. hyopneumoniae 
had a CF titre. They concluded that the sensitivity of this test was 
poor. Using the modified direct' test, Takatori^(1968, 1969) also found 
some pneumonic animals negative. Finally, Eskildsen et al. (1971) con­
cluded that the test had little value in field cases, where low titred 
sera would not be detected.
2) Indirect Haemagglutination (IHA)
Ross and Switzer (1963a) successfully used an indirect haem-
agglutination test to detect minor antigenic differences among several 
strains of M. hyorhinis. In their test, boiled antigen suspensions 
were adsorbed to unsensitized sheep red blood cells (RBC).
From the outcome of their extensive investigations Goodwin and 
Hodgson (1970) concluded that the IHA test was a reliable method for 
the identification of M. hyopneumoniae as well as for the detection of 
antibodies against this agent in cases of Enzootic Pneumonia. In their 
test the whole mycoplasma cell v/as used, and tannic acid employed to 
sensitize sheep red blood cells. Using the same system, Lam and 
Switzer (1971^ ) were unable to detect IHA antibodies. However, when 
lysates of M« hyopneumoniae and tanned pig RBC were used, the detection 
of these antibodies at a low titre v/as possible, although some animals 
with lesions gave negative results.
In 1968 Goodwin et al. found high IHA titres in animals experi­
mentally infected with M. hyopneumoniae. The titres were not apparent 
at 22 days post-infection, but could be detected at 16 weeks. But in 
later experiments (Goodwin-et al. 1969a), they found that the titres 
did not correlate with the degree of protection in animals immunized 
with an experimental vaccine. Switzer (1972) expressed the view that 
the test was not simple or sensitive enough to be used routinely. The 
main disadvantage seemed to be in the RBC carriers, which vary consider­
ably depending on the individual source. The same difficulty has been 
observed in this test with mycoplasmas of human origin (Taylor- 
Robinson et al. 1965). Recently, Holmgren (1973) found that this 
difficulty could be overcome using tanned RBC which had been treated 
with formaldehyde, standardized and frozen. He claimed 88% of positive 
tests in animals from infected herds, and only 3*2% in animals from 
clean herds.
3) Fluorescent Antibody Test (FAT)
The detection of antibodies by an indirect fluorescent technique 
has been reported by Meyling (1972). In this test, washed suspensions 
of M. hyopneumoniae as antigen covered with field sera at 1/10 dilu­
tion, and potent antipig immunoglobulin “G" (lgG) labelled with 
fluorescein i'sothyacyanate (FITC), were used. He showed that 67.3% 
of slaughterhouse pigs gave a positive reaction with this test, whereas 
none of the serum samples from SPF herds gave positive fluorescence at 
dilutions of 1/10.
A) Metabolic Inhibition and Growth Inhibition Tests
The use of growth-inhibiting (GI) antibodies and metabolic- 
inhibiting (MX) antibodies v/as reported as early as 1968 by Gois, using 
pigs experimentally infected intranasally with M. hyorhinis. He con­
cluded that the MIT but not the GIT could be used as a routine diagno­
stic test in this infection.
Goodwin, Pomeroy and V/hittlestone (1968$sffe) used the MIT to type 
mycoplasmas isolated from field conditions. Their main problem was 
the. identification of M. hyopneumoniae isolates when M. hyorhinis v/as 
also present. Dzu et al. (1971) used the MIT and GIT in experimental 
infections of pigs with M. laidlav/ii injected intraperitoneally and 
intranasally. The GIT proved successful in demonstrating infection 
in these animals v/ith undiluted sera. The MIT was successful in 
detecting sera titres ranging from 1/A to 1/6A. These titres were a 
little lov/er than those obtained in tube agglutination, but higher than 
those of indirect haemagglutinati’on. However, Goodv/in et al. (19682=^33) 
had found that the MIT titre was unreliable and without connection to 
the immune status of the animal. They found that the sera from several 
uninoculated control animals inhibited not only M. hyopneumoniae
but also M. hyorhinis, M. gallisepticum and M. pneumoniae. Heat
inactivation lowered these titres but did not eliminate them,
Goodwin and Hodgson (1970) also found a number of infected animals in 
which no antibodies were detectable by the MIT and this test was like­
wise useless to type the isolates because M. hyorhinis was also present 
and therefore masked the test by acidifying the medium, Gois et al, 
(1972) found that MIT antibodies could not be detected in experimentally 
infected piglets with M, hyorhinis, after 3u days post-infection, by 
which time a response was demonstrable by the latex-agglutination test. 
Furthermore, Switzer (1972) so completely failed to detect MI antibody, 
that he gave up using sera from pneumonia-free pigs in his growth media, 
as ordinary pig serum gave him good results,
3) Agglutination Test
agglutinating antibodies against M. hyopneumoniae by the gel-diffusion 
or slide-agglutination test (SAT), in animals which were experimentally 
infected by the intranasal route. Dzu et al. (1971), found agglutina­
ting antibodies in animals infected with M. laidlawii by the intra 
peritoneal route, both by SAT and by tube agglutination (TAT). The 
titres found in the latter test were higher than those of either the 
MIT or IHA tests. Gois et al. (1972) demonstrated agglutinating 
hntibodies by the latex-agglutination test in animals infected with 
M. hyorhinis. The antibodies were contained in the IgM (macroglobulin) 
fraction as demonstrated by their sensitivity to 2-mercaptoethanol.
The titres found were low, but appeared considerably before the MIT 
titres. Antibodies acting in the tube-agglutination test have been 
detected in pigs infected with group E Streptococcus (Ellis and 
Armstrong 1972). Similar results were reported by Fujikura/(1970) for
In 1970 koborts and Little^reported on their failure to detect 
animals infected with M. hyopneumoniae.
B) Detection and Characterization of H. hyopneumoniae and M> hyorhinis 
Organisms by Serological Methods
1) Detection Methods: The Fluorescent Antibodies Test (FAT)
This was first reported for mycoplasmas by Liu (1957) in chick 
embryos infected with M. pneumoniae. He used an indirect technique, 
having found direct staining unsatisfactory. Goodwin Pomeroy and 
V/hittlestone (1967)j used this technique to identify M. hyopneumoniae 
and M. hyorhinis both in infected tissue cultures and in smears of the 
organisms. They found both the direct and the indirect methods very 
successful but no effort was made to use this method on infected lungs. 
In 1970, L'Ecuyer and Boulanger adapted the FAT for the detection of 
M. hyopneumoniae and M. hyorhinis in smears from broth cultures, infec­
ted tissue cultures and lungs. They found antisera prepared in pigs
better than rabbit antisera. This was confirmed by Potgieter & Ross 
*
(1972a,b) who reported on the fluorescent antibody test using 
M. hyorhinis and M. hyosynoviae. They found that several animal 
species produced antisera against M. hyorhinis and M. hyosynoviae, but 
pig antisera had a slightly higher potency (although the antibody titre, 
as measured by latex agglutination and MI was, lower). They had 
problems with fluorescence reacting against media constituents when 
using the test in culture smears. This response could be controlled 
by absorbing the sera with M. laidlawii cells0
The localization of the fluorescent M. hyopneumoniae cells was 
first described by L*Ecuyer and Boulanger (1970). In tissue cultures, 
the organisms seemed to be around the cell surface, and appeared as
small round bodies or clumps of bodies. In the lungs, fluorescence 
was limited to the surface of the epithelium of the bronchi and 
bronchioles and to the exudate of smaller passages. In the bronchi, 
clumps of rounded bodies were seen, which carefully followed the folds 
of the epithelium. In the bronchioles, separate granules in or around 
cell debris in the mucous exudate were observed. Fluorescence was 
stronger.in animals with macroscopic lesions. With H, hyorhinis, 
fluorescence was seen in and on the pleural cells, extending a short 
distance into the lung parenchyma. No fluorescence was found deep in 
the lung or on bronchial structures. In animals with arthritis, 
moderate fluorescence was seen in the synovial membranes. No fluoros- 
cence was seen in lungs from field cases, even though the organism was 
recovered from that tissue. The authors concluded that the test was 
satisfactory to detect antigen in field infections unless they were 
very recent.
Pospisil et al, (1970) described fluorescence with M. hyorhinis 
in tissue cultures and in lungs. In the tissue culturoo, fluorescence 
was seen mostly adhering to the surface of the cells, but in experi­
mentally infected pigs, fluorescence was found following the epithelium 
of the bronchi and bronchioles, in a manner similar to the one described
•jr d
by L'Ecuyer^(1970) for M. hyopneumoniae. Similarly, no fluorescence 
was seen in the alveoli. In some cases the pleura was also seen to 
fluoresce. Three out of 20 pigs with naturally occurring pneumonia 
also showed fluorescence around the bronchial epithelium. Later Gois 
©23^  Pospisil^ * (1971^  confirmed these results with three different strains 
of M. hyorhinis.
Meyling (1971) used the FAT to demonstrate M0 hyopneumoniae and 
M. hyorhinis in lungs, and reported that^  although the pattern of infec-
'+' jdku^je*/'
tion in slaughterhouse pigs was similar to that observed by L'Ecuyer^
(1970) in young piglets, M. hyorhinis could be found in older pigs 
localized in a manner similar to that of M. hyopneumoniae. Potgieter 
and Ross (1972a, 1972b) observed that both M. hyorhinis and K. hyo­
synoviae were present in the synovial membranes of some pigs affected 
with experimentally produced arthritis. Using similar conjugates, 
Potgieter,- Frey and Ross (1972) studied the sequential development of 
M. hyosynoviae and M. hyorhinis in cell cultures, and demonstrated that 
the method was sensitive for the study of cell morphology and the 
relationships between the Mycoplasma and the cell cultures.
2) Characterization Methods: Inactivation with Specific Antisera
, The inactivation of Kycoplasmas by antiserum is routinely used 
for their characterization, and has been widely studied. On solid 
medium, growth-inhibition appears to be independant of complement 
(Clyde, 196^ , Edward & Fitzgerald 193^)* lu liquid medium, complement 
is usually required to produce metabolic-inhibition (V/oode & McMartin, 
1973) and the effect appears to be a lytic one, with the perforation 
of the membrane, release of cellular materials into the medium, and 
with the appearance of ’’ghost” membranes (Brunner et al. 1971)* ' l '
This is similar to the lytic action of antibody-complement systems 
against other substrates such as erithrocytes or bacteria. Sometimes, 
inactivation in liquid medium is complement-independant (Edward & 
Fitzgerald, 193^ ; Gourlay & Domermuth, 1967) and would then seem to be 
an inhibition of grov/th without’ lysis. Woode & McMartin (1973) found 
that antibody against M. gallisepticum retarded grov/th at high dilutions, 
but completely inhibited it at low dilutions in a liquid medium.
Probably both complement-dependant lysis and complement-independant 
inhibition of growth coexist at the same time. This was demonstrated
to be the case with antibody against H, meleagridis (Matsumoto &
Yamamoto, 1973)•
Ever since M. hyorhinis was originally isolated by Switzer 
(1933^ » 1^  had been found that the usual serum inactivation techniques 
were not entirely satisfactory'for the characterization of this 
organism, as growth of some isolates would not be readily inhibited in 
the presence of potent antiserum. Subsequently, complement-fixation, 
agglutination and precipitation, were likewise found unsatisfactory 
(Cole, 1937? Ose, 1937 cited by Ross & Sv/itzer, 1963a). Those last 
authors developed an indirect haemagglutination test and, although 
agglutination was obtained, considerable antigenic differences were 
detected among the isolates, which could not all be typed by any single 
antiserum. Takatori et al. (196*0 described the production of floating 
crystals soluble in organic solvents (FCOS) in tissue cultures infected 
with M. hyorhinis and to a lesser degree in ordinary cell-free cultures 
of M. hyorhinis. The production of FCOS was readily inhibited by anti­
sera and the autnor proposed the use of this technique for the character­
ization of M. hyorhinis. Dinter, et al. (1963), while trying to 
characterize the SEP agents found that in the GIT, certain strains of 
M. hyorhinis were inhibited by some, but not all heterologous antisera, 
while one strain, SK, was not inhibited by any heterologous antisera, 
but anti-SK serum readily inhibited strain F. Successful characteriza­
tion was eventually achieved by Tully (1966) with a FAT, and by Purcell 
et al. (1966) using the MIT, but these two techniques are too complex 
and time consuming for their general routine use in the characterization 
of field isolates.
Hayflick and Stanbridge (1967.), while trying to isolate and 
identify mycoplasmas from contaminated tissue cultures, found that a 
strain identical to M. hyorhinis GDL presented two types of colonies.
One type (more numerous) was readily inhibited by antiserum in the 
GIT, v/hile the other was not* The cloned ’’sensitive" population
remained so after 30 passages, but the cloned "resistant" population
« *
became predominantly "sensitive" after the same number of passages*
As these populations were not detectable by either the MIT, CFT or by 
nucleic acid homology techniques, it was proposed that a mutation of 
only the GIT-detectable antigens had occurred* This phenomenon was' 
further studied by Dinter & Taylor-Robinson (1969) who found that their 
isolates of M* hyorhinis could be divided as "antiserum-sensitive" and 
"antiserum-resistant". The former were sensitive to the action of 
serum in the GIT, were more sensitive to colistin, polimixin and acid 
pH than tho "resistant" ones. They a.lso required more serum in the 
medium for growth, and produced precipitation rings around the disks 
more frequently, and in greater numbers than the "resistant" strains* 
The production of these rings was thought to be due to the fact that 
the membrane of the "sensitive” strains was more easily damaged by 
antibodies, and thus the organism released cell constituents into the 
medium, which then precipitated with the antiserum* The difference 
was thought to lie in the phospholipid content of the membrane* All 
these differences, however, could only be seen in solid medium the 
"sensitive and "resistant" strains being identical in liquid media.
Gois o^t-al*. (1970) showed that K. hyorhinis produced colonies 
when grown on a liquid medium containing rabbit or pig antiserum. 
Soberts (1971) demonstrated that M. hyorhinis, and other porcine myco- 
plasmas, were inhibited by normal fresh serum obtained from a variety 
of animal species. He found that when fresh sheep serum was combined 
with the specific anti-M. hyorhinis antiserum, there was growth next to 
the disk, followed further away by a zone of inhibition. Fresh horse 
serum, on the other hand, did not inhibit M. hyorhinis by itself, but
increased the inhibition by specific antisera.
3) Characterization Methods; The Paper Chromatography Test:
Paper chromatography was first used to detect antigen-antibody 
reactions by Buiz Cncta*ncda (1990)? who used it to detect Brucella 
antibodies in patients. In this test, the stained bacterial cells are 
carried by an ascending column of buffer. In his view, the antigen
would only ascend through the paper if it was on a colloidal state, 
which he accomplished by suspending the antigen cells in serum. V/hen 
on top of that positive serum was added, the colloidal state v/ould be 
broken by the antibody coating the coll surface, and these would then .. 
stick to the paper fibres.
Spalding and Metcalf (199^ ) adapted the test for the detection 
of antibodies against Pasteurella tularensis, Salmonella typhii and 
also with Brucella abortus. They could detect titres with all three 
organisms using positive serum, and these titres exactly paralleled those 
found in the tube agglutination test, although they were lower. From 
this they concluded .that the reaction was simply an agglutination of 
the cells. The clumped clusters of cells were then not able to ascend, 
due to their large size. Similar conclusions were reached by Seeliger 
et al. (1969)j and by Boughton (personal communication), who used this 
test to detect antibodies against, and to type Listeria monocytogenes.
It is possible that a similar test could be adapted for mycoplasma class­
ification and diagnosis.
From all this it can be concluded that a reliable serological 
test of useful diagnostic value has not been found.
.The CFT has been most widely used, but it is erratic and unreli­
able when pig serum is employedo Its value has been mostly in testing 
herds for voluntary eradication schemes, but it has been of little 
value in reliably diagnosing Enzootic Pneumonia in individual animals
from such herds. The IHAT, GIT and KIT have all been tried and found 
either too erratic (GIT or MIT) or too difficult to standardize (IHAT). • 
The greater promise seems to come from the FAT, which has been found 
successful by every worker who has used it. The agglutination tests 
would' seem to show some promise, provided they can be made more 
sensitive. The latex agglutination test in particular, seems to solve , 
the problems found in the IHAT by providing a biologically inert carrier 
particle for the mycoplasmas.
The development of a reliable and simple serological test for 
Enzootic Pneumonia is very important, and represents the major stumbling 
block to the implementation of adequate erradication measures. It is 
relatively easy to procure a herd free from such disease, but much more 
difficult to maintain and monitor this disease-free status. It is 
therefore fundamental that any animal with respiratory distress be 
accurately certified either as Enzootic Pneumonia-free or not. The 
purpose of this chapter is, therefore, to evaluate the techniques 
already' available, at the same time modifying and trying to improve 
them, and to develop new techniques for the serological diagnosis of 
this disease as well as the typing of its aetiological agents.
Part A
Detection of Antibodies in Hyperimmunized a n d  N a t u r a l l y - I n f e c t e d  Animals 
with M. hyopneumoniae and M. hyorhinis
Materials and Methods
Strains: . M. hyorhinis strains Mhr 10/p and Mhr 8/10 were used for 
the agglutination.test; M. hyopneumoniae strains EP29 and Mhp 5 A  were 
used for the agglutination and complement-fixation tests, while strain
Mhp 5 / k  was also used for the latex-agglutination, immunoelectror- 
P h o-resis and flocculation tests.
Media: All M. hyorhinis strains were grown in E liquid media,
M. hyopneumoniae were grown in HP liquid medium. .
Hyperimmune Sera: These were prepared in rabbits and piglets
with M. hyorhinis strains Mhr 8/10 and Mhr 10/3 aad' H. hyopneumoniae 
EP29 and Mhp 5 / k  by the methods described in Chapter I.
Field Sera: These were either sera obtained from the local
slaughterhouse during 1970 and known to be positive to the complement 
fixation test, or sera from pigs from the same herd as those used for 
hyperimmunization in which respiratory disease had been induced by 
intranasal inoculation with a filtrate from a pneumonic lung known to 
contain M. hyopneumoniae (see below); these pigs were bled weekly for 
12 weeks and the sera were positive to M. hyopneumoniae in the comple­
ment fixation test.
Preparation of Antigens: Each strain of mycoplasma was grown in
200 ml volumes of E or HP broth and after 3 days incubation at 37°C, 
four flasks, each containing 750 ml of the same broth were inoculated 
v/ith 30 ml of the culture. After' 3 &&ys incubation at 37°C the cells 
were concentrated by centrifugation at 12000g for. 30 minutes at room 
temp, and the deposit washed three times with sterile normal saline. 
Finally the cells were suspended in 30 ml of saline and stored at 4°C. 
The suspensions were used for both the agglutination test and for animal 
inoculation for preparation of hyperimmune sera.
Experimental Animals: Ten Large White piglets, b weeks old,
coming from the Institute’s hysterectomy-produced, colostrum-deprived 
(HPCD) herd were used. They were separated into 2 lots of b piglets 
eac'h, and one lot of 2 pigs (controls), each lot put in a pen measuring 
approximately 10 x 10 feet. Fresh straw, food and water, ad lib, and
heating with one infrared lamp were provided.
The pigs were then inoculated intratracheally in the following
way: The two groups of b pigs were each given 10 ml of the inoculum
(see below), at days 0, 2 and 3i while the group of two pigs got the
same volume of sterile broth. .The pigs were observed daily for 
clinical signs& one infected pig (no. 662) was killed in the fourth 
week, all others in the twelfth week. Necropsies were performed on all 
the animals, and the lungs were used for isolation experiments and for 
FA tosto (goo part B). All the pigs wore bled from the vena cava 
before inoculation, and weekly for I d  weeks after that. The blood was 
left Overnight at °^C, centrifuged, and the serum frozen at ~50°C.
Inoculum: Twenty-five pneumonic field lungs which had been kept
x
frozen, were thawed and small cubes, 1 cm were cut from the pneumonic
areas and put in a plastic bag. 100 ml of a *f8 hour culture of
M. hyopneumoniae strains Mhp 5 / b , EP29, EP33 and 31 (25 ml of each)
was used as diluent. The bag was then put in a "stomacher” for two,
one minute periods. The resulting suspension was then centrifuged at
750 r.p.m. for 30 minutes, and the supernatant diluted to 250 ml with
sterile Eagle’s broth, containing 1000 u/ml of benzylpenicillin. This
v/as inoculated onto MaConkey agar, also Blood aigar and Chocolate agar
with bacitracin and cloxacillin and incubated at 37°C in air and 10%
-1 -6CO2. Tenfold dilutions were prepared from 10*" to 10~ and inoculated 
into HP, E, Y, Y1 and F mycoplasma medias.
Tube Agglutination Test (TAT): The diluent for serum and
antigen was Sorensen’s phosphate-buffered saline with merthiolate added 
to 1:2 500; a series of different pH levels (6.7; 6.85; 7.2; 7*5 
and 8.9) v/as tried. The test v/as also carried out at different tempera
tures (37°C; bb°Q and 56°C) for 2b hours, as well as by Fujikura’s 
(1970) method (2 hours at 37°C then overnight at b°C)» A straight­
forward antigen titration was made with H. hyorhinis 10/3 antigen, 
using serial twofold dilutions of 1 /2 to 1/128 of the concentrated 
antigen, to find the optimum antigen dilution for the serum titrations.
A disulphide bond reduction' test was carried out, in which 
0.3 ml of serum was mixed with an equal volume of 0.1 molar 2-M- 
mercaptoethanol diluted in phosphate-buffered saline, and incubated 
for 30 minutes at 37°C before use in the agglutination test. An 
attempt v/as also made to increase the sensitivity of the test by 
heating the antigens to 56°C for 30 minutes, or by trypsinization of 
the antigens using 0.25 per cent,.crude trypsin for 30 minutes at 37°C.
Compleme'nt-Fixation Test: Two different tests were used. In
the first method, heated (56°C for 30 mins) serum from the piglets was 
diluted 1/10 to 1/160 in barbitone buffer, and 0.15 ml amounts of each 
dilution were put into k x 20 ram tubes. The same volume of antigen 
and of fresh guinea pig serum v/ere added. These v/ere titrated in the 
standard way. After fixation for 3 hours at 37°C, 0.15 ml of the 
haemolytic system were added. This consisted of a 1:1 dilution of 
3% sheep RBC (SRBC) in SRBC haemolysin (Wellcome Laboratories) and 
incubated for 1 hour at 37°C before use. After the addition of the 
haemolytic system the tubes v/ere incubated for a further 30 minutes 
at 37°C and read immediately. In the second method, the-test was 
identical, except that the guinea pig serum v/as diluted in a 1/100 
dilution of fresh calf serum, instead of the barbitone buffer.
Immunoelectrophoresis: The technique used v/as essentially that
of Pan et al. (1972). Barbital-barbital sodium buffer at pH 8 .6 was 
used in the electrophoresis chamber, and as diluent for the agarose 
gel, which was prepared by disolving 0.6% agarose. The molten agar 
v/as layered on glass slides, and allowed to solidify. After this, a 
line of wells, 2 mm diameter v/ere cut, and opposite these, another set
of wells, at 5 mm distance v/as made. Into one set of wells, a dilution 
of the antiserum was put, and in the other a disrupted M, hyopneumoniae 
antigen (see below)* The slide was subjected to electrophoresis for 
k$ minutes at a current of 10 raA. The results could then be read 
immediately using transmitted oblique light. In this test, the serum 
advances much faster than the antigen under the electric current, and 
therefore, it quickly joins with the antigen, that has diffused back­
wards. At the meeting point, a precipitation line occurs if antibody- 
.antigen reaction has taken place. The test is therefore essentially 
a gel-diffusion method, but much faster, and hence much better suited 
for routine work.
Flocculation.Test: This was done according to Perreau & Monnier
(1970). A soluble M. hyopneumoniae antigen was prepared v/ith strain 
Mhp 5 /k . by freezing and thawing it once, and then adding an equal 
volume of 2% sodium desoxycholate. The mixture was incubated at 37°C 
for k& hours and dialyzed against 100 vols of PB;. pH 7.^ with 5 changes 
at kO °C . This was diluted 1/10 in phosphate buffer prior to use. It 
was then mixed at equal volumes with serum dilutions of 1 :2 to 1:320.
The mixtures were immediately read using a Pye Unicam ultraviolet 
spectrophotometer, at k^O mp. wavelength, and 0.03 mm slit opening. The 
results were automatically recorded on a graph at 20 cm/sec expansion. 
The sensitivity of the absorbance range was 0-0.2. The mixtures were­
read after 1 and 2k hours incubation at 37°C. In this test, an 
increase of the optical density between first and second readings of 
more than 30 units, is considered positive.
Latex-Agglutination Test (LAT) This v/as done according to
1
Morton (1966). Glycine-buffer solution v/as mixed v/ith bovine serum 
albumin to give a 1:300 final concentration of albumin., O.^ f ml of a 
1/3 dilution of Latex particles (Difco, size 0.8 u ) were mixed v/ith 1 ml
of M. hyopneumoniae whole-cell antigen. After 10 minutes at room 
temperature 0.6 ml of glycine buffer v/ith albumin were added. After 
a further 10 minutes the antigen v/as ready to be used. The test v/as 
set up following the procedure for the agglutination test, except that 
merthiolate was not used and incubation v/as carried out at k 2°C for 30 
minutes. The tubes v/ere then centrifuged at 2000 rpm for 10 minutes 
and read under oblique light by spinning them gently to resuspend the 
sediment. .Agglutination v/as scored from 0 (negative) to k (very 
large aggregates). In some cases the sera v/ere adsorbed v/ith 
M. hyorhinis cells, or inactivated at 36°C for 30 minutes to get rid 
of non-specific reactions.
Antiglobulih Test (AGT): This v/as made to try to improve the
tube agglutination test. After setting up the TAT and incubating for 
2 k hours, the M. hyopneumoniae cells v/ere centrifuged at 3000 rpm for 
30 minutes, v/ashed 3 times in .phosphate buffer pH 7.2, and finally 
resuspended in 0.3 ml volumes of phosphate buffer • After that, either 
a commercial anti-pig-globulin (Hyleuid labs.) diluted 1/100; or a rabbit 
anti-pig-globulin prepared by immunizing rabbits with pig globulin 
fraction obtained by salting out procedures (see below) and used neat 
and in 1 /3 and.l/2 0 dilutions, were added in a volume of '0.03 ml and 
incubated overnight at 37°0. The tests were then read in the conven­
tional way.
Histopathology: This v/as only done on pig no. 662 lung, which
was fixed in 10$ buffered formaldehyde, mounted in paraffin, sectioned 
and stained v/ith haematoxilin-eosin in the conventional way.
Results
Inoculum: The inoculum used had M. hyopneumoniae but no other
mycoplasma. Very small amounts of B. bronchiseptica and a non- 
haemolytic B. coli organism v/ere detected. These last two organisms 
were never reisolated from any animal.
Clinical Observations: The piglets began coughing moderately
heavily from the 10th day to the 3th week post-inoculation. Not all 
pigs were similarly affected. Pig 660 did not cough at all during 
this period, but coughed from week 7 to 9* The pigs that coughed most 
heavily also showed a pronounced respiration, consisting of difficult, 
abdominal breathing. Pig 662 had the highest titres at 3 weeks and 
also coughed very heavily. It was killed in the k t h  week. The lungs 
showed patches of greyish consolidation on all lobes. When these 
were cut, they were humid and the lesions extended deep into the paren­
chyma. Microscopically, the lung showed moderate peribronchial lympho- 
reticular hyperplasia penetrating into the mucosa. There were also a 
considerable interstitial pneumonitis and alveolar cell proliferation, 
with the alveoli containing a few polymorphs. Only M. hyopneumoniae 
was isolated from the lungs; M. hyorhinis and other bacteria not being 
present. The lung smears v/ere positive for M. hyopneumoniae using the 
FAT. It was concluded that this animal shov/ed lesions typical of 
Enzootic Pneumonia, and that all the other infected ones probably had 
also contracted the disease.
The infected litters suffered a mi.lci outbreak of E. coli 
diarrhoea in the 7th week, v/hich v/as successfully treated by restraining 
feed for ^8 hours. No medication was given. The infected pigs were 
noticeably smaller than the controls (v/ith the exception of 660) and 
more irritable.
At the 12th v/eek, all the pigs were killed, and M. hyopneumoniae 
v/as isolated from the lungs of the infected, but not the control animals. 
No bacteria or other mycoplasmas v/ere isolated from any lung. The lungs
were positive to the FAT. Pigs 637 and 659 (controls) had no macro­
scopic lesions. Pig 663 had no lesions. Pigs 667, 668 and 660 had 
small resolving lesions in one lobe only. The latter was the came 
sizo as the controls v/hilo all the other infected pigs were much smaller. 
Pig 673 had large areas of greyish patches in the lungs and these had 
moderate adhesions. The pericardial sac was thickened and full of a 
transparent, colourless fluid exudate. Pig 669 had a large area of 
consolidation on the ventral sides of the apical and cardiac lobes.
A lot of exudate was present in the thoracic cavity and in the 
pericardium. Pig 670 had small, resolving lesions and a little 
pericardial-exudate. All these lesions were characteristic of either
late resolving Enzootic Pneumonia or of a young, expanding process of 
the same disease.
Agglutination Test:
Antigen Titrations: . The results of the antigen titrations can
be seen in Table 2.1. Although there was no great difference between
dilutions of 1/32 and 1/6^ a dilution of 1/32 v/as easier to read and
gave a slightly higher titre than that of l/6*f. The dilution of 1/32
corresponds to a turbidity of about half of Brown's tube no. 1 and
represents a threefold concentration from the original broth,'which
8contained about 3 x 10 colony-forming units/ml. All other antigens 
v/ere standardized visually against this antigen.
The results at different pH and temperature are seen in Table 2.2. 
It will be seen that pH had little effect on titre but temperature had 
a big influence. -At 36°C no agglutination occurred, at k k °C very
little, and the optimum was at 37°C. Fujikura's method gave results 
halfway between those at 3?°0 ‘and at As a result of these
findings the test v/as subsequently carried out using antigen at a 
dilution of.1/30, pH 7«2 and incubation for 18 hours at 37°C.
Hyperimmune sera: The titres obtained with the pig hyperimmune
sera are shown in Table 2.3* No cross-reactions between M, hyo— 
pneumoniae and M. hyorhinis were detected; cross-reaction between the 
two strains of M» hyopneumoniae was complete and the same was true of 
the two strains of M. hyorhinis except with serum ^69, which came from 
a pig which, unlike all the others, was kept alive for five months and 
was given booster doses of antigen (strain Mhr 8/10) every month.
Disulphide Bond Reduction Tests: The effect of 2-M-mercapto-
ethanol was-to abolish the titres completely from all the sera. This 
indicated that the immunoglobulin detected v/ith this test v/as probably 
a macroglobulin (Igm),
Antigen Treatments; Antigens heated to 36°0 for 30 minutes auto­
agglutinated, Trypsinized antigens failed to agglutinate with 
hyperimmune seraQ
Field Sera: Sera obtained from the slaughterhouse and from
pigs with experimental respiratory disease never gave agglutination.
with either species of mycoplasma, with this test or by Fujikura's 
method.
Table 2,1
Tube Agglutination test:
Titration of M« hyorhinis (antigen Mhr 10/3, serum 467)
Antigen
dilutions 1/10 1/20
Antiserum dilutions
lAo i/8o 1/160 1/320 1/640
1 /2 A V 4 4 2 - -
1/4 4 4 4 4 3 - ~ ■
1 /8 4 4 4 4 4 ' 2 - .
1/16 4 4 4 4 4 2 -
1/32 4 4 4 4 4 4 2
1/64 4 4 4 4 4 4 1
1/128 4 4 4 4 4 4 trace
4 = 100% agglutination, large clumps with clear supernatant
2 = 50% agglutination, medium clumps with slightly turbid 
supernatant
trace = agglutination barely visible
Table 2.2
Tube Agglutination test with M. hyorhinis:
Effect of pH and Temperature on Titre (100% agglutination) (antigen 
Mhr 10/3, serum' 466) ' "
pH(37°C) Titre Temperature(pH 7.2) Titre
6.7 160 37 °G 320 *
6.85 320 44°C 20
7.2 320 36°c -
7.5 160 37°C + 4°C 80
8.9 160
Table 2.3
Tube Agglutination test:
Titres (100% agglutination) of Hyperimmune Pig Sera with Four Antigens
Serum Mhr 10/3
Antigen 
Mhr 8/10 Mhp 3/4 . EP29
463 — — 160 160
464 80 * 80 - -
463 - - 80 160
466 640 640 - -
467 320 320 - -
46b - - 80 80
469 40 640 — -
470 - - 160 160
Mhr = M. hyorhinis 
Mhp = M. hyopneumoniae
Reciprocal of titre giving 100% 
agglutination.
Sera from Experimentally Infected Animals: No titres v/ere
obtained throughout the duration of the experiment. .
Latex-Agglutination Test: The results of the LAT are shown in
table 2.4. Although a positive titre was detected in the infected 
animals, unspecific agglutination made the control sera sometimes 
positive. The titres detected did not follow the normal kinetics of 
antibody formation. Neither absorbtion of the sera v/ith M. hyorhinis 
cells, nor heat-inactivation, prevented these non-specific reactions.
Immunoelectrophoresis Test: The Immunoelectrophoresis technique
worked well with hyperimmune pig sera, similar to those that gave 
positive results v/ith the agglutination test. With such sera, a pre­
cipitation line v/as seen up to a dilution of 1/256 (fig. 2.1).
However, no precipitation v/as seen v/ith any of the sera from the 
experimentally infected animals.
Flocculation Test: Negative results were obtained both v/ith
hyperimmune sera, and sera from the experimentally infected piglets.
Complement-Fixation Test: The CFT v/as the only test which gave
consistently good results (see Table 2.5)* All the positive sera 
reacted, most with titres of 1/10 and above at the 2nd or 3rd post­
inoculation week. ’ The titres rose consistently until the ?th week, 
and then started to drop. Nearly all sera showed a lowered titre 
between weeks 8 and 9* which recovered by the 10th week. In pig 660, 
no reaction was detectable before the 6th week. The titre rose until 
the 9th week and then started to decline.
Fig. 2.1
Electrophoresis with hyperimmune anti-M. hyopneumoniae serum
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Ag - Antigen 
* - Reciprocal of serum dilution
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Table 2«A
Sequential Serologic Response as Detected by the Latex-Agglutination Test
Pig No. 1 2 3 k 3
vreek 
6 7 8 9 10 11 I2
657 A - - 3* - 3 - V V - - Ix. 2
659 A - : - 3 - - 2 - - - - 2 -
660 - 10 . - V k 8 10 V 6 6 6
662 - - 8 16 NA NA NA NA NA NA NA NA
663 - - 7 6 12 V 6 8 6 v 8 k 16
667 - - 12 12 12 16 16 16 8 8 8 3
668 - - k 3 k L 16 8 k 7 6 3
669 12 '12 16 16 12 16 16 16 16 16 6 12
670 - 8 6 • 8 8 8 16 8 12 8 16
673 - 6 6 6 8 8 12 k 12 8 k
A = control pigs
* .= reciprocal of the highest dilution giving 50%
agglutination
NA = not applicable
Table 2.5
Complement-Fixation Test v/ith Experimental M. hyopneumoniae Infections 
using Inactivated Pig Serum
Pig No. 1 2 3 A 5 6
week
7 8 9 .10 11 12
657* -
658* ; - - - ■ - - - - - - - - -
660 - - - - - 10* AO^ 80* 160 8o+ ■ 80* 80
662 - - - Ao NA' NA NA NA . NA NA NA NA
663 - - - 10 10 20 20* 20 10* 20 10 20
667 - - - 20* Ao 80* 80* AO* AO* ifO+ AO 10
668 - - 10* 20 AO* AO* AO Ao* Ao 20* 20
66 9 - - 10 10 10 80 80* 80 AO* 80 AO* Ao
670 - - - ■ - 10 Ao* 80* 80* 80* 80* AO AO
673 - - - 10 10 80 80* AO* AO* A° 80 20
Table 2,5 (cont'd)
Complement-Fixation Test v/ith Experimental H, hyopneumoniae Infections 
using Pig Serum added v/ith Normal Calf Serum
Pig No. r- 2 3 A 3 6
week
7 8 9 10 11 12
65?
' f r- O
- - - - - - - - - - -
650
660 _ — 20 bo* 00 0 
1
+ 8o+ CO O 
1
+ 80* 80
662 - ■ - 10 AO* NA NA NA NA NA NA NA NA
663 - - 10* 10* 20* 20+ 20 10+ 20 20 20
667 - 10 20* AO 80 8o+ 80 bO* AO* AO* AO
.668 - - 20 20* 20*’AO* 80 AO \o+ AO* 20* 20
669 - - 20 20 10* 80 80+ AO* bo* 80 AO* Ao
670 - - - 10 20* AO 4o+ AO* bo* Ao* 20 20
673 - - 10 20 20^ 80 CO O + AO* bo+ Ao* 80 20*
* = control animals
0 = reciprocal of the dilution giving 3^% fixation
+ = dilution giving 73% fixation
Discussion
A reliable and simple agglutination test for hyperimmune sera 
v/as developed. One of the reasons why some workers seem to have had 
difficulties in the past is the'critical nature of incubation tempera­
ture. Agglutination tests are often carried out at k 2 ° 0 , 52°C or 56°G 
rather than 37°C, and under these conditions titres v/ere found to be 
reduced or nonexistent. Latex agglutination tests for M. hyorhinis, 
using pig sera, have been successfully carried out at k2°G for 2 hours 
(Gois et al., 1971)* No titres were detected in the hyperimmune sera 
.'when these were treated with mercapt o ethanol. The test seems there­
fore to work only in the presence of macroglobulins and does not detect 
antibodies of smaller size. In the sera of pigs with experimental 
respiratory disease, a gradual increase of complement fixation titres 
v/as not parallelled by the appearance of agglutination titres. It 
would seem that, although pigs do give a high IgM response v/ith some 
bacterial infections, such as streptococcal lymphadenitis, or when 
mycoplasmas are repeatedly introduced parenterally with the use of 
Freund*s adjuvant, the IgM response is very low in natural infections 
with M. hyorhinis or M. hyopneumoniae. Gois et al. (1971) detected 
titres v/ith M. hyorhinis but for this a latex test was used and the 
titres were very low.
This experiment seems to confirm the view that natural disease 
(in this case experimental infection induced by a non-parenteral, 
natural route) due to M. hyopneumoniae, does not give rise to the 
production of macroglobulin antibodies in detectable amounts. Several 
authors have demonstrated agglutination reactions v/ith M. hyorhinis 
(Gois 1971i 1972; Ross, 1973)^  but Gois found that infection with his 
strains of M. hyorhinis resulted -in a septicaemic invasion of the
animal, and Ross used parenteral inoculation to infect his animals.
On the other hand, M. hyopneumoniae has never been isolated outside 
the lung, and does not seem even to invade the lung parenchyma, but 
rather to stay attached to the epithelial surface of the bronchioles.
.When H. hyopneumoniae is artificially introduced parenterally 
(Goodwin et al. 1969^ see also Table 2.3)j agglutinating/precipitating 
antibodies readily occur. From the above data it would appear that 
in natural M. hyopneumoniae infections, the organism never reaches the 
bloodstream, but rather remains attached to an "external’1 surface (the 
bronchiolar epithelium) and that, because of this, there is no stimu­
lation of macroglobulin antibody, but there is stimulation of low- 
molecular weight antibodies, which unfortunately, are more difficult 
to detect with mycoplasma antigens. Why this selective stimulation 
occurs, cannot be explained. In B. pertussis infections of man, the 
organisms are also characteristically limited to the bronchiolar
epithelium, but agglutinins do appear although it is not clear if these
are macroglobulins' (as bacteria, due probably to their larger size, are 
agglutinated also by low molecular weight antibodies).
The agglutination test described is useful, however, for simple 
titration of hyperimmune sera from rabbits or.pigs, and can also be 
used to detect the loss of antibody when conjugating a serum; with
such sera the test is very accurate and reliable.
Of all the techniques tried here, only the CFT is not based on an 
agglutination or precipitation phenomenon, which, for very small particles 
like the mycoplasma cells, usually requires the presence of macroglobulin 
(IgM) antibodies. Complement fixation is a complement-mediated lytic 
process, which also detects antibodies of lower molecular weight, such 
as IgG.
There was not a great difference between the two CFTs used. The 
addition of calf serum usually increased the titres very slightly.
The test seemed reasonably satisfactory even without the calf serum, 
as ’’normal’1 curves of antibody production were obtained. No false 
positive reactions v/ere seen in the controls, or false-negatives v/ith 
the infected animals, once the titre v/as detocted. The primary 
response was very delayed in pig 660, but so v/ere tho clinical signs.
It appears that this animal was not infected with the original inoculum 
but rather, that it contracted the diseas.e by contact exposure with its 
litter mates once they started to secrete the organism. This would 
mean that pig 660 was infected (and thus that organism secretion 
started) in the second or third weeks post inoculation. All animals 
had a drop of their titres between weeks 8 and 9 post inoculation, that 
is, one week after they had suffered from a mild attack of E. coli 
diarrhoea.
The OFT used proved sensitive and reliable, even without calf 
serum and using inactivated pig serum samples, a procedure v/hich 
effectively prevents the procomplementary effects commonly observed 
with unheated pig serum. This procomplementary effect was the reason 
why it was decided not to use the uninactivated serum method, as this 
makes the test difficult to control, and repeatability is poor.
Although the latest samples v/ere 12 weeks post inoculation, some 
already showed a marked fall in the titre. This agrees v/ith the 
observations made by Goodwin et al. (1969a,b) v/ho concluded that, 
because of this, the test v/as unsuitable for field use,'as it would 
not detect chronically infected animals. This seems to be a valid 
objection, and it would appear that this might be the reason why a 100% 
positive tests are not obtained v/ith sera from pneumonic animals collec 
ted at slaughterhouses (it is also important to note that not all 
pneumonias seen in slaughterhouses are due to M. hyopneumoniae, there­
fore, a 100% positive test is impossible to achieve). This test is
useful mainly in confirming the diagnosis of animals which are still 
in.the clinical phase.
Latex agglutination gave hopeful, but not definitive, results.
The test seems to detect a rising titre in some of the pigs (667? 660,
673 and 6 70 ) but this was not seen in other sera (668, 669). In 
addition, false negatives were seen in some weeks in the controls, and 
in the early weeks of two of the infected animals. Gois^(1972) had 
already reported success using this test in M. hyorhinis infections, 
but he also detected a false positive reaction. These reactions do 
not seem to be similar to those commonly found in M. gallisepticum 
infections. In these infections* freezing and thawing, contamination 
of the serum, or recent vaccination with some viral vaccines, all cause 
non-specific positive reactions in the slide agglutination test, but not 
in the haemagglutination-inhibition test. Of all these, only freezing 
and thawing would apply here. In M. gallisepticum frozen sera, the non- 
specificity can be overcome by heat-inactivation, but this treatment 
proved useless with pig serum. Some of the non-specific reactions seen 
with H. gallisepticum antisera (e.g. those caused by vaccination against 
certain respiratory viral infections) are due to the formation of anti­
globulin antibody, which then reacts with the media serum.proteins 
adsorbed onto the surface of the mycoplasma antigen, and causes the 
false agglutination (Roberts, 197u). This has been solved by growing 
the organism in medium enriched with cholesterol instead of serum. 
(YJindsor and Thornton, 1973)- This procedure would be useful for 
M. hyopneumoniae if an antiglobulin were the cause of the non-specifi­
city.
1
Immunoelectroph6resis has proven valuable in detecting antibodies in 
pig disease which have naturally a parenteral phase, such as African 
Sv/ine Fever (Pan et al. 1972). There was no difficulty in "obtaining
positive reactions using hyperimmune pig serum (fig. 2.1), but'no 
reactions were seen with pigs infected by a natural route. It would
seem that this test is very similar to the agglutination one as far as 
the class of antibodies detected is concerned*
The flocculation test, on the other hand^  did not even detect an 
antibody in the hyperimmune sera using the authors* standards of posi­
tiveness (Perreau & Monnier 1970). This test was described for 
M. mycoldos infoctions in cattle, where a heavy blood infection 
follows the primary lung lesion.
Part B
Detection and Characterization of some Porcine Kycoplasmas by 
Serological Methods
Materials and Methods
Strains; M. hyorhinis strains Mhr 10/3, Mhr 3/10 and Mhr 10A  
were used for the smears and tissue culture inoculations in the FAT; 
strains £7, GDL, F, Mhr 2/3 and Mhr 3A were used in the "slow" method 
(see below), and strains Mhr 8/7, Mhr 2/3, Mhr 7/9, Mhr 7/6, Mhr 6/7,
Mhr 3/3, Mhr 2/7, Mhr 3A, Mhr 3/9, Mhr V7, Mhr 8/10 and Mhr 2/3 
( k serum sensitive and 8 serum resistant strains) in the "rapid" method 
for the paper chromatography test; strainsS7, Mhr 8/7, Mhr 2/3,
Mhr 7/9, Mhr 6/7, Mhr 3/3, Mhr 2/7, Mhr 3A, Mhr 3/9, Mhr V7, Mhr 8/10, 
Mhr 2/3, Mhr 7/6, Mhr 10AE, Mhr 10A  0 and Mhr 3/10 were used for the 
modified growth-inhibition test. M. hyopneumoniae strains Mhp 3A,
EP£9 and 11 were used for the FAT; strain 11 for the paper chroma­
tography and the modified growth-inhibition test. A granularurn strain 
39; M. hyosynoviae strain P^ -3, M. gallinarum strain B2, Mycoplasma sp.
strain 333, M. laidlav/ii strain B*f and M. iners strain B6 were used for 
the paper chromatography and the modified growth-inhibition tests.
Media; E, HP and H were used for propagation of strains and 
preparation of antigens. 2, solid medium was used for the growth- 
inhibition test. In addition a nev; medium R, was prepared in the 
following way; Agar plates were made by substituting the unheated 
horse serum (Wellcome No. 3) with fresh unheated horse serum, in the 
E. medium. The unheated horse serum was prepared as follows; The 
horse was bled and to each 3 litres of blood was added 30 nil of 10% 
potassium oxalate. The mixture was left at room temperature overnight. 
The plasma was.-then removed and to each litre was added 30 nil of a k% 
solution of calcium chloride; the mixture was. then agitated vigorously 
until the fibrin separated out. The serum was removed, left overnight 
at room temperature, centrifuged and filtered by Seitz filtration and 
stored at -20°C.
Antisera; Hyperimmune sera was prepared in rabbits as described 
before and used for the paper chromatography and modified growth- 
inhibition tests. Hyperimmune pig sera (prepared as before) was used 
for the FAT.
Growth Inhibition Test; This.was performed according to Clyde 
(196*0. The dried antiserum-impregnated disks were stored at -10°C. 
Agar plates of E and R media were used. The plates were prepared and 
both types were inoculated with broth cultures of each mycoplasma.
Disks impregnated with antiserum, specifically prepared against the 
mycoplasma strains mentioned above were placed on the agar.
Paper Chromatography
Preparation of Antigens; Two methods were tried; In the "slow" 
method, the antigens were grown in 1300 ml flasks containing 730 ml of
appropriate culture medium (see Chapter I). These were inoculated 
with 30 ml of actively growing culture and incubated for *f8 hours,
(72 hours for M. hyopneumoniae strains). The broth v/as centrifuged 
at 12000 X g for 30 minutes at room temperature and the pellet re- 
suspended and washed three times in sterile saline. The cells v/ere 
then resuspended to a 20% packed cell concentration and 1 ml of a 1% 
aqueous solution of Toluidine Blue added to each 3 ml of cell suspension. 
The mixture was left overnight at room temperature. The cells v/ere 
centrifuged and washed three.times in phosphate buffer (Sorensen’s), 
pH 7*2 and finally resuspended as a 33% cell suspension in a mixture 
of phosphate buffer and normal inactivated rabbit serum. They v/ere 
kept at *f°C until use.
In the "rapid" method, to 10 ml of a *f8 hour broth, 1 ml of a 1% 
aqueous solution of Toluidine Blue v/as added and left for 2 hours at 
room temperature. . The broth was then centrifuged at 12000 X g. for 30 
minutes at room temperature and the pellet resuspended 1:2 in the phos­
phate buffer-serum mixture. These antigens v/ere used within 2 k hours 
of being prepared.
Paper Chromatography Test: Y/hatman’s 3^- filter paper was used,
cut in 9 X 16 cm rectangles. The origin v/as a line 2 cm from the lower 
edge. The antigen was spotted on the origin using a wire loop of 2 mm 
internal diameter and the serum spotted quickly on top to prevent the 
antigen from drying and therefore fixing to the paper. Four spots 
could be made in each paper which v/as immediately immersed in a Kilner 
jar (1 pound size), with phosphate buffer at the bottom to a depth of 
1 cm. The paper was left until .the ascending buffer reached a distance 
of 3 cm from the origin. Itvas then removed, air dried and examined.
Fluorescent Antibodies Test
Conjugation of Antisera: ‘The antiserum was diluted with an
equal volume of 0.1 M phosphate buffer (Sorensen) pH 8 at room tempera­
ture. For every 100 ml of the mixture, 14 g of anhydrous sodium 
sulphate were’ slowly added under constant stirring using a magnetic 
stirrer, the suspension was left for 10 minutes.at room temperature and 
centrifuged at 5000 rpm for 15 minutes. The supernatant was then
discarded and the precipitate disolved in half the volume of the
original serum using distilled water at room temperature. This sus­
pension was dialized at *f°C against 100 volumes of Phosphate buffer pH 
7.5, with tv/o changes. The solution v/as then centrifuged at 12000 X g. 
for 30 minutes at room temperature, the supernatant collected and the 
protein content estimated by spectrophotometry. The solution v/as 
adjusted to pH 9*5 by the addition of sodium carbonate (I M sol.). 50 mg
of Fluorescein isothiocyanate (FITC) were added for every gram of protein
per 100 ml. This v/as left overnight at ^°C under constant stirring, in 
MParafilrnM-sealed flasks. The conjugate v/as finally dialized against 
phosphate buffer pH 7.5 at k°G until no more dye v/as released (about
3-^ » 100 vol. changes). The M. hyopneumoniae conjugates v/ere absorbed
o
with M. hyorhinis cells (and viceversa) at k C for 2 hours, centrifuged 
at 12000 X g. for 30 minutes filtered through a 0 .k 5  j i  APD "Millipore” 
membrane, and stored at -50°C until use.
Fluorescent Antibodies Test; Culture and lung smears’ were air 
dried and fixed for 10 minutes in ethanol, tissue culture coverslips 
v/ere first washed for 10 minutes in phosphate buffer pH 7»5i and then 
fixed for 10 minutes in acetone. After fixation, all preparations v/ere 
v/ashed for 30 minutes v/ith two changes of the buffer; They v/ere then 
stained v/ith the appropriate dilution of the conjugate and incubated 
for 30 minutes at 37°C in a humid chamber (the conjugates were first
titrated with M. hyopneumoniae and M« hyorhinis cultures, choosing the
dilution v/hich showed good specific fluorescence with no crossreactions.
The .preparations were then washed for minutes with three changes of
phosphate buffer pH 7*5» After that, they w^re counterstained v/ith
-5fresh Evans* Blue (10 aqueous solution) for 5 minutes, v/ashed for a 
further 10 minutes^  blotted dry and wet-mounted v/ith a 90% aqueous 
solution of glycerol.
'Two microscopes were used: a "Reichert" Zetopan microscope
v/ith a BG12, 6 mm blue exciter filter and 520 myU barrier filter and a 
"Leitz" Orthoplan incident-light microscope with BG 121.5 mm. and BG5&* 
-^mm. exciter filters, TK495 dichroic mirror and 520 mp barrier filter. 
With experience both microscopes gave satisfactory results.
Lungs: Pneumonic lungs were either obtained from the local
slaughterhouse or came from the pigs used for the experiment described 
in part A.
Tissue Cultures: These were pig kidney monolayer cultures,
prepared and infected as described later (Chapter III).
Results
Growth Inhibition Test
The results of the GIT with the M. hyorhinis strains are shown
in table 2.6. The R medium could be used for typing both strain S7 and
F of M. hyorhinis, using either the S7 or F antiserum. With E medium, 
strain F v/as inhibited by F and S7 antiserum disks, v/hile strain S7 was 
inhibited only by the S7 antiserum. Strain F v/as regarded as "serum .
sensitive" and strain S7 as "serum resistant". A precipitation ring
occurred in the E agar medium only when strain F interacted v/ith anti­
serum. F. This v/as not observed on R medium. The other fifteen 
M. hyorhinis strains v/ere typed in the R medium, but only 7 (two of these
only against antiserum S7) in E plates. No heterologous .antiserum 
inhibited growth. Two of the "serum sensitive" strains produced pre­
cipitation rings against F antiserum in E plates, but not in R plates.
The diskgrcwtbt-inhibition test v/ith "serum resistant" strain 
Mhr 3/10 of M. hyorhinis using R and E plates is shown in fig.. 2.2. 
Inhibition of'growth occurred using R. plates v/ith S7 and F antisera.
With E medium, growth occurred immediately next to the disks. At the 
periphery of this growth zone, a very small area of inhibition occurred. 
In addition, a ring of precipitate can be seen around the F disk.
The results using other Mycoplasma species are shown on table 
.-2.7. When A. granularum, B2, B6, M. hyosynoviae and B3 v/ere seeded 
onto agar plates and put in contact with the antiserum impregnated 
disks, inhibition of growth occurred v/ith homologous but not v/ith 
heterologous sera. This happened both in E and R plates. BV
(M. laidlawii) did not grow on the R agar plates but did grow on E
plates and inhibition of growth occurred. M. hyopneumoniae did not 
grov/ well enough in either E or R plates for the test to be readable,
even though it did grow in an E broth.
Paper Chromatography Test
With this technique, specific reactions between the mycoplasma 
antigen and rabbit antiserum were seen. When specific rabbit serum 
v/as tried, the spot was fixed in place and would not ascend with the 
buffer. By contrast, when heterologous antiserum, or HPCD piglet 
antisorum v/ere used, the antigen would ascend v/ith the buffer leaving
Table 2*6
Growth-inhibition Test v/ith M. hyorhinis strains using ordinary media 
(K) and media with unheated Horse Serum (R)
antisera
Strain E medium R medium
Mhr F Mhr 7 Agr Mhr F Mhr 7 Agr
F + + 4*
7 - +' - +■ 4 -
Mhr 8/7 — - 4 : 4*,
Mhr 2/5 - ■ - - 4* ■ ' + • -
Mhr 7/9 - . ■- 4- 4 -
Mhr 6/7 — - 4- 4 -
Mhr 3/5 - - - 4- 4- -
Mhr 2/7 +P - 4 ' 4 ; -
Mhr 3/4 - - - 4 4 -
Mhr 3/9 - + - 4 4* -
Mhr 4/7 - - . - 4 ' ' 4 -
Mhr 8/10' - - - 4 4*
Mhr 2/3 ■ - - - 4 4. -
Mhr 7/6 + 4- - 4 4 -
Mhr 10/4/E- j. • 4- 4 4 -
Mhr 10/4/0 *r + - 4 4 ' -
Mhr 3/10 4-P + - 4 4 —
Table 2,7
Growth-inhibition Test with other Porcine Mycoplasma Strains using 
Ordinary Media '(35) and media with Unheated Horse Serum (R)
Strain
Anti.
E medium 
B2 B3 B4 B6 Mhs Mhr? Mhr F Agr
.......... "‘I
3era
R medium 
B2 B3 B4 B6 Mhs Mhr7 Mhr F Agr
B2
B3
B4
Bo
Mhs
Agr
1 
1 
1 
1 
1 
4
1 
1 
1 
1 
I 
1
1 
1 
1 
1 
1 
1
1 
1 
1 
14 
1 
1
1
1
4
-
1
1
 
I 
1 
4- 
1 
1 
1 
1
4
-
1
1
1
1
 
1- 
I 
1 
1 
1 
1
4- “ - • - —
+ = Complete inhibition of growth
= No, inhibition of grov/th
P - Sing of precipitate
Mhr = M. hyorhinis
Mhs = M*. hvosvnoviae
Agr = A. granularum
B2 = M. gallinarum strain B2
B3 = Mvcoulasma so- u B3
B4 = M. laidlawii 1 B4
B6 = M. iners n B6
Fig. 2,2
Growth-inhibition of M, hyorhinis strain 3/10 using E and R media.
A zone of partial inhibition can be seen in the E medium
HR7 - M. hyorhinis strain 7
HRF -
HP - M.
it it y
hyopneumoniae
P^ -5 - M. hyosynoviae strain P45
Mgr - A. granularum
B2 - M. gallinarum strain B2
B3 - Mycoplasma sp. tt n
Bk - M. laidlawii tt Bk
b 6 - M. iners it B6
a blue trail (see Figure 2.3)*
Not all antigens v/ere prepared as easily, M, hyorhinis,
M. hyopneumoniae and M. hyosynoviae presented no difficulties and 
readily ascended the paper when put in contact with negative serum,
B2, B3» B*f, B6.were more difficult, perhaps because these antigens 
were quite old v/hen they v/ere -stained. However, a further tv/o final 
washings in phosphate buffer made them satisfactory. A. granularum 
was very difficult to prepare, even from a fresh antigen. It had to 
be washed eight times before a satisfactory antigen resulted and even 
then it v/as not os good as the other antigens, giving a very thin and 
rather faint column.
The results of the test using the "slow” method are found in 
table 2.8. It can be seen, that all 8 porcine mycoplasma groups were 
perfectly separated, with no cross reactions, in agreement v/ith the 
metabolic inhibition test. All strains of H. hyorhinis cross 
reacted and proved identical. The results using the "rapid” antigens 
are shown on table 2.9* In this case, one strain of M. hyorhinis 
(Mhr 7/6) was inhibited by M. hyopneumoniae antiserum, but this could 
be due to the fact that these "rapid" antigens were on occasions very 
thin and the column barely visible. In these cases, the results 
proved difficult to read.
The "slow" M. hyorhinis and M. hyopneumoniae antigens v/ere then 
tried' against porcine antisera collected from a slaughterhouse, and 
shown positive by the CFT. They were all negative in the Paper 
chromatography test.
Fig. 2,3
Paper Chromatogram using positive M. hyorhinis antiserum. Both 
M. hyorhinis antigens are fixed, whilst all other antigens and the 
controls, are not.
Mhr F - M. hyorhinis strain F
Mhr 7 - M. hyorhinis strain $.7
Mhp - M. hyopneumoniae
Mgr - M. granularum
B2 - M. gallinarura strain B2
B3 - Mycoplasma sp. strain B3
B*f - M. laidlawii strain Bk
B6 - M. iners strain B6
P k5 - M. hyosynoviae strain P^5
Antigen:
M . hyorhinis G S 2 /3
•  •
hr 7  hrF hp c
Antisera:
B3 B4 B6 M g r P45 B2 c
JTable 2.6
Paper Chromatography Tests using t>slov:tt Antigens
Antigen/ 
"strain .Mhp Mhr 7 Mhr F
Antisera■ 
Mhr Sl**3 Agr Khs B2 B3 B^ f b6
Hhp/11 4 4 4 4 , _ ' - _ — _
Mhr/7 ■ - ++++ +++ 4.4.4.4. ' - - - - -
Mhr/Mhr3/^ - +-5*+ + *f*r+ - - - -
Khr/F - +++ + 444 4444 - - - -
Mhr/Mhr2/4 - + •**+*£* 4.4.4. ++++ - - - - -
Mhr/GLD ■ - - ***++ . - - - -
Agr/39 . ■ - - - - 4.4.4.4. - - - -
Mhs/P45 - - “  . - 4.4.4.}. - - -
B2 - — ■ — — ++++ — —
B3 - - - - - - ++++ -
B^r - - - - . - - - 4444
B 6 - •- • - — ~ — — - +4
Table 2.9
Paper Chromatography Test Using '“Rapid” Antigens
Antigen/Strain Mhr F
Antisera 
Mhr 7 Mhp Agr
Mhr/Mhr 8/7 ++++ 4*4*++ _
Mhr/Mhr 2/5 + T + + +++ + - - - :
Mhr/Mhr 7/9 4444 4444 - -
Mhr/Mhr 7/6 44 44 - .
Mhr/Mhr 6/7 4'-r*r4* 4444 - - -■
Mhr/Mhr 5/5 4444 444 ■ - • -
Mhr/Mhr 2/7 444 . 4444 ■ - -
Mhr/Mhr 3/^ 4444 4444 —
Mhr/Mhr 3/9 ■ 4**r4*T* 4444 -
Mhr/Mhr V7 + +T + ' —
Mhr/Mhr 8/10 ' 4444 - -
Mhr/Mhr 2/3 ' + + + + + +•+*{- - -
Mhp/Mhp 5 / h - - +++ —
Mhp/Mhp 9/1 - + + + -
+++
++
+ —
full fixation in place
Antigen travels less than 1/3 distance of control
Antigen travels more than 1/3, less than 1/2 distance of control
Antigen travels more than 2/3, or same distance as control
Antigen travels more than 1/2, less than 2/3 distance of control
Mhr s= M . hyorhinis 
Hhp k M» hyopneumoniae 
H. hyosynoviae 
A. granularum
Mhs = 
Agr =
B2 = M. gallinarum strain B2 
B3 = Mycoplasma sp, strain B3 
B*f = M. laidlav/ii strain 
B6 = M. iners strain b6
Fluorescent Antibodies Test
i) In Culture Smears: The culture smears always gave good
fluorescence (Fig. 2.*f) and were used throughout the study to check the 
potency and specificity of the conjugates. If specific antiserum v/as 
added to the organisms and incubated at 37°C for 30 minutes before 
making the smear, fluorescence was reduced, that is, only a few organisms 
were stained but fluorescence, v/as not completely prevented by this 
method (Fig. 2.5) ®
ii) In Tissue Cultures: Fluorescence could also be readily seen
in tissue cultures. With M. hyorhinis, the picture was similar to that 
seen with Giemsa stained preparations (Chapter III). A gradual increase 
in fluorescent organisms up to the sixth day, with progressive destruc­
tion of the cell sheet was observed (Figs 2.6, 2.7) No fluorescence 
suggestive of intracellular localization of the organisms was seen* the 
fluorescent particles usually seemed to be on top of the cells. Most 
of the cells had this fluorescence around areas of the cytoplasm but not 
of the nucleus (Fig. 2.7) although exceptions were seen (Fig. 2.6) v/ith 
M. hyopneumoniae (StrainMhp 5/^) a different picture from that seen in 
Giemsa stains (Chapter III) was apparent. ■ In the first post-inocula- 
tion days many .fluorescent particles v/ere seen surrounding the nuclei of 
the cells but very rarely on the nuclear area (Fig. 2.8). The fluores­
cent corpuscles then gradually decreased in numbers through the fifth 
day (Fig. 2.9), until they nearly disappeared by the ninth day (Fig.
2.10). This was seen with Mhp 5/^ , tut not with strain 11, where 
fluorescence v/as always dispersed. However, by the tenth day (Fig. 2.11) 
the fluorescent particles v/ere.again numerous, but now the localization 
v/as spread on top of the whole cell, and not only the cytoplasm. No 
CPE was produced by M.. hyopneumoniae. No fluorescence was seen in 
control cultures.
Fig. 2.4
M. hyopneumoniae smear; specific fluorescence is seen.'x 2750
Fig. 2.5
M. hyopneumoniae cells treated with antiserum before staining. Only 
a few cells are stained, x 2750
Fig, 2.6
M. hyorhinis-infected tissue culture 2 days post-inoculation
fluorescent organisms are found throughout. X 2-750•
Fig. 2.7
M. hyorhinis infected tissue culture 10 days post-inoculation 
organisms are on the cytoplasmic area but not the nuclear area. X 2750-
Fig. 2.8
M. hyopneumoniae-infected tissue culture 2 days-post-inoculation
organisms are on top of the cytoplasm. X 2750.
Fig. 2.9
M. hyopneumoniae-infected tissue culture 5 days post-inoculation 
same as above. X 2750.
Fig. 2.10
M. hyopneumoniae-infected tissue culture 9 days post-inoculation
very few organisms are present, located around the cytoplasm.X 2750
Fig. 2.11
M. hyopneumoniae-infected tissue culture 10 days post-inoculation 
numerous organisms are seen widespread on all the areas of the 
culture. X 2750.
Fig. 2.12
Lung 662 (smear) k weeks post-inoculation organisms in clusters. X 2750.
Fig. 2.13
Lung 660 (smear) 12 weeks post-inoculation organisms more loosely 
grouped. X 2750.
Fig. 2.14
Field lung (smear) observe dispersal of the organisms. X 2750.
jH
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Table 2.10
Relationship Between Positive Fluorescence against H. hyopneumoniae 
and Extent of Pneumonic Lesions in Field Lungs
Degree of 
Pneumonic 
Lesions
No. of 
Lungs
No. of FAT 
positive .
% of FAT 
positive
1 7 14.2
-.-2 16 8 50.0
3 8 6 75.0
4 8 7 87.5
Totals 39 22
t
1 = No lesions or doubtful
2 = Very small resolving lesion in one lobe only
3 = Resolving lesions in two or more lobes
4 = Early lesions (usually 2 or more lobes affected)
iii) In Lung Smears: Lung smears from artificially infected
piglets also gave positive fluorescence. The lung from pig 662, 
killed four weeks post-inoculation.had compact clusters of organisms 
fluorescing strongly (Fig. 2.12). The lungs from the other pigs in 
the experiment, killed 12 weeks post-inoculation showed a more diffuse 
type of fluorescence (Fig. 2.13). No fluorescence was seen in the 
lungs of the two control piglets from that experiment. Thirty-nine 
lungs were collected from the slaughterhouse. The relation between 
fluorescence and macroscopic lesions can be seen in table 2.10. 
Fluorescence was usually dispersed v/ith few clusters and mostly single 
organisms (Figs. 2.14).
Discussion
The characterisation of M. hyorhinis has for a long time proved a 
difficult problem (Ross & Switzer, 1963; Dinter & Taylor-Robinson, 1969) 
because this mycoplasma species, unlike most of the others does not give 
a regular pattern of inhibition in the GIT. It is possible that 
K. hyorhinis is a very heterogenous species and that, therefore, the 
antigenic relationships between strains are very small. -Certain strains 
seem to fall into natural groups (Ross & Switzer, 1963) and for example, 
strains S7 and F would seem to be representative of two of these groups. 
Another explanation was offered by Dinter & Taylor-Robinson (1969)* v/ho 
proposed that the difference was not in the antigenic structure but in 
membrane fragility due to the phospholipid content. However, these 
diverse populations have only been detected in the GIT, v/hich is a test 
carried out on solid medium and complement-independant, but not in the 
MIT, a similar serum-neutralization test, but v/hich seems to detect two 
types of antibodies; one type is complement-dependant and lytic the othe
is growth-retarding, complement-independant and probably the same as 
the one detected by the GIT.
It v/as found that the addition of very fresh horse serum to the
medium, that is, used immediately or stored at -20°C (in contrast with
commercial unheated serum which, is stored at 4°C), overcame all the
problems in the GIT and failed to detect a "sensitive” and a "resistant"
population. It would seem that there are substances in the horse
serum which are very heat labile and are readily inactivated under
prolonged storage at 4°C. These could be complement fractions,
altho\igh it is known that tho GIT is a complement-independant system.
Perhaps M. hyorhinis has a different membrane structure from that found
in other mycoplasma species, v/hich requires the presence of complement
in this test. These results do not contradict the observations of
Dinter & Taylor-Robinson (1969). It is quite probable that two
different populations of M. hyorhinis strains exist and that such 
differences lie in the molecular constitution of the membrane but that
the heat-labile components of the horse serum can overcome these
differences.
The other porcine mycoplasma species v/ere not inhibited by 
heterologous serum but v/ere readily inhibited by their homologous serum. 
M. laidlawii strain B4 and M. hyopneumoniae however, did not grow in 
this medium. Precipitation rings frequently occurred in the agar 
medium around the disks with the specific antiserum. This phenomenon 
v/as noticed in particular v/ith the "serum sensitive" strains v/hen they 
reacted with the "F" anti M. hyorhinis serum, and only v/hen the 
commercial unheated horse serum v/as used in the agar. This improved 
medium greatly facilitates the problem of rapidly typing M. hyorhinis 
strains and should always be used when suspected strains of this species 
give uncharacteristic patterns of inhibition or no inhibition at all.
The phenomenon of "surface fixation" with the paper chromato­
graphy test occurred with the mycoplasma species studied. By its 
characteristics it is probably based on agglutination of the ctainod 
antigen cells. The test proved 'useful for typing strains from eight 
species of porcine mycoplasmas using antigens prepared by the "slow” 
method. This method is too tedious and too expensive in time and 
materials to be considered as a possible routine typing system. Howeve 
it could be useful for typing an important isolate or a suspected new 
species. These antigens would appear to be better suited for the
detection of agglutinating antibodies in infected animals. Unfortuna-
%
tely, as was detailed before^  agglutinating antibodies are not detected 
in field infections .of mycoplasma pneumonia in pigs. The test would 
probably be useful^applied to the detection of antibodies against 
M. gallisepticum in chronic respiratory disease of chickens or any other 
mycoplasmal disease where agglutinating antibodies do occur.
No antigenic variations using S? and F antisera were observed 
although a slight variation was noticed with strain Mhr 2/7 in the paper 
chromatography test. As we saw, slight antigenic variations are 
detected using the agglutination test. Paper chromatography proved 
satisfactory for the typing of M. hyorhinis, although some experience 
is required to prepare the antigens and read the test v/hen "rapid" 
antigens are being used. This test can be set up and read within 4 
hours of having a grown culture, much faster than the GIT which requires 
at least two days. For this reason it might be useful for the rapid 
characterization of isolates in cases where speed is of the utmost 
importance. The value of this test, however, seems to lie in the 
detection of agglutinating antibodies.
The two tests described provide an easy, trouble-free and reason­
ably cheap method for the characterization of porcine mycoplasmas and 
M. hyorhinis in particular.
The preparation of adequate conjugates offered no difficulties, 
but several had to be prepared to find the optimal flourescin-protein 
ratio*' The amount used eventually was similar to that recommended by 
Holb o-row 8c Johnson (1967). Specific apple-green fluorescence v/as 
seen in the broth smears, where no non-specific fluorescence occurred. 
However, when infected tissue cultures were studied non-specific 
fluorescence from the culture cells was seen. This v/as eventually 
completely controlled by counterstaining v/ith Evans* Blue,and using a 
310 mp barrier filter. M. hyorhinis in tissue cultures did not differ 
from the expected behaviour determined by Giemsa preparation studies 
(Chapter III). However, globose structures, filaments and ring forms 
were not seen, in contradiction v/ith the observations made by Potgieter 
et al. (1972a) using a swine synovial cell strain. However,
M. hyopneumoniae strain Mhp 3/4 gave a different picture from that 
observed in Giemsa preparations. Many fluorescent particles v/ere 
seen at first attached to the cell cytoplasm and these slowly disappeared 
only to reappear around the tenth day in a loosely scattered form. 
Probably the FAT detected at first the inoculated organisms which had 
adsorbed onto the cell surface. Later on, these gradually lysed 
and then slowly started to reproduce, this time adsorbing throughout 
the culture. This agrees with observations (Chapter III) that 
M. hyopneumoniae in tissue cultures seems to have a long incubation 
period before starting to multiply. The reason why these inoculated 
organisms were not detected in Giemsa stains cannot be given, but a 
possibility is that these organisms would have released their cell 
components, and only the membranes adsorbed to the cells. Under these 
conditions they would not take the Giemsa stain but they would fluoresce, 
as the fluorescent antibodies are directed against antigens found on the 
cell surface. Boulanger & L*Ecuyer briefly described the
fluorescent pattern of M. hyopneumoniae in tissue culture. It is 
not possible to tell from their description if a pattern similar to the 
one observed here was seen. Another difficulty is to find a suitable 
explanation for the fact that the cells of Mhp 3/4 strain preferently 
adsorbed onto the cytoplasmic but not nucleic area whereas later-stage 
organisms, probably new cells grown in the culture, did not show this 
pattern giving a diffuse picture. The difference between both types of 
cells v/ould seem to be only that the inoculated ones have pig serum and 
other media components strongly adsorbed onto their membranes and the 
latter have not (as they grew in the tissue culture whose fluids only 
had 1% calf serum). How this difference can account for the differen­
tial adsorbtion cannot be explained.
The FAT successfully detected M. hyopneumoniae in lung smears.
In the artificially infected pigs all those infected were positive, 
while the controls v/ere negative. 87.3% of lungs with recent macro­
scopic lesions and 62.4/ of lungs with resolving pneumonic lesions 
similar to Enzootic Pneumonia were positive to the FAT. It must be 
considered that not all the pneumonic lesions detected in a•slaughter­
house are necessarily due to H. hyopneumoniae and therefore, these 
totals probably-reflect a much higher rate of detection of true 
M. hyopneumoniae-produced pneumonias in the field. V/hen used with 
lung smears, the test was easy and fast to perform, giving a presump­
tive diagnosis in 3 hours after receiving the sample. Very fev/ 
problems v/ere found v/ith auto or non-specific fluorescence but Evans’ 
Blue counterstaining was used because a more clear-cut picture was 
obtained. This test could be used for the routine diagnosis of 
Enzootic' Pneumonia in cases where’ a lung sample is available.
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Chapter III
Pathogenicity of Porcine Kycoplasmas.in Tissue Cultures and Organ 
Exp1ants
Introduction
Studies in Tissue Cultures:
In 1955s.Hayflick and Stinebring described the multiplication 
of certain mycoplasma species in artificially infected tissue cultures. 
These organisms caused the formation of intracellular inclusions which 
accepted Machiavelli*s stain. Hayflick and co-workers (1956) then 
reported multiplication of mycoplaomas in cultures of human synovial 
cells. These two reports demonstrated for the first time the possibi­
lity of artificially infecting tissue cultures with mycoplasmas, and 
their ability to reproduce in these cultures. In the next decade, many 
authors described the contamination of cell lines, primary cultures and 
diploid cell strains by mycoplasma. In many of these studies, the 
contamination was latent, not eliciting any cytopathic effect (CPE) or 
modifying the growth rate of the cultures.
In some cases, however, cytopathic effects were detected.
Rothblat and Morton (1959) reported that infected cells adhered feebly 
onto glass. Nelson (I960) described the formation of very gradual 
cytopathic effect in Hela cells contaminated with a mycoplasma.
Coriell (1962) observed granularity in infected cells and their detach­
ment from the•glass after several days of culture. Kraemer et al. 
(1963) described lysis of suspended cells but not of monolayer systems. 
The lysis was preceded by slight agglutination of the cells and arrest 
of metabolism. Shepard (1958, i960), demonstrated that Hela cells were
very sensitive to the action of T-strain mycoplasmas isolated from 
humans. The effect consisted of disruption of the cytoplasmic membranes 
and necrotic changes in the nucleus. After 72-96 hours the monolayer 
was completely disintegrated, and colonies of Mycoplasmas were beginning 
to form.
Different species of mycoplasmas may have markedly different 
effects on similar tissue cultures (Powelson, 1961). On the other hand, 
a given species can induce different effects on different cell lines.
M. pneumoniae will not cause a cytopathic effect in primary cultures 
of chick lung or blastoderm (Gordon^ i960) however, a slight effect is 
produced on secondary cultures of monkey kidney (Clyde, 1961). These 
effects are slight, with elongation and eventual detachment of the cells.
Several animal mycoplasmas produce a marked cytopathic effect.
In 1962, Boegel et.al. observed damage in primary cultures of bovine 
testicle infected.with a mycoplasma of bovine origin. Rovozzo et al. 
(1963) produced marked cytopathic effect in 6 month old calf's kidney 
primary culture with a mycoplasma isolated from bovine mastitis. 
Similarly, Carmichael et al. (196&  produced damage in puppy kidney 
cells with a mycoplasma causing septicaemia in puppies. The effect 
consisted of rounding of cells which then detached from the glass.
Nelson (i960) reported a cytopathic effect with M. pulmonis which gave 
HeLa cells the appearance of fine powder with considerable disruption 
and, eventually, degeneration. Detachment of cells from the glass was 
a common feature. Nearly all species of domestic animals have been 
known at one time or other to harbour mycoplasmas capable of causing 
several grades of cytopathic effect.
The localization of mycoplasmas in cell cultures is a matter of 
considerable controversy. It is known that most species of mycoplasmas
fail to grow in the culture fluid, without cells. Usually a restricted
growth is seen in the first days followed by a sharp decline (in 
Acholeplasmas the decline seems to be gradual-Kenny and Pollock 1963s 
Kagan and Rakovaskaya 1968). Shepard (1938) observed intracellular 
replication by T-stains, with the appearance of basophilic forms in 
the cytoplasm. Edwards and Fogh (i960), using ultra thin sections of 
human amnion cells infected with mycoplasmas, found the organisms on the 
surface of the cells, and also inside the cytoplasm, usually located 
within membrane-bound vacuoles. The reaction of the cells consisted of 
the formation of microscopic protrusions directed towards the micro­
organisms located nearby, an increase of vacuole formation, swelling 
of the endoplasmic.reticulum, appearance of dense granules in the cyto­
plasm and eventually necrosis and death. Clyde (1961) concluded that 
M. pneumoniae reproduced outside the cells, or in close contact with 
them. Similarly, Butler and Leach (196$) only found particles outside 
the cells and on their surface. Chu and Newnham (195^ ) working with 
mycoplasmas pathogenic to poultry found that the extracellular locali­
zation was typical of latent organisms, and that a number of bacteria, 
virus and chemical agents promoted invasions and a transition to the 
infective state.
. Hayflick (1965) considered that mycoplasmas were mainly extra­
cellular because they were susceptible to inactivation by immune serum, 
when this was added to the tissue cultures.
Kenny and Pollock (1963) observed that infected tissue cultures 
did not grow as well as normal ones, but that serial subculturing of the 
tissue cultures diminished this effect. They postulated that the effect 
of mycoplasmas in cultures was due to some or all of the following 
factors:
(a) The mycoplasmas produce a substance toxic for the cell
(b) The mycoplasmas parasitize the cells and destroy them
(c) They compete with the cells for nutritional products.
Zucker-Franklin et al. (1966a,b) stated that the mycoplasmas 
located on the cell surface might utilize the proteins, sterols and 
lipids of the membrane of the cell. This could result in disruption 
of the cytoplasmic membrane with release from the glass surface and 
liberation of cellular products.
A number of authors (Smith 1955* I960; Schimke and Barile 1963) 
came to the conclusion that utilization of arginine by the mycoplasmas 
probably interferred with the arginine available for the tissue cultures, 
and that this mechanism was responsible for the cytopathic effect.
Pollock et al. (1963) were able to prevent some morphologic changes and 
improve cell culture'growth by adding arginine to the medium.
However, not all mycoplasmas produce damage by depletion of arginine, 
and, for example, Fogh et al.. (1965) observed that the CPE in their 
experiments was not affected by the addition of arginine to the cell 
culture.
A direct toxic effect might theoretically be produced by strains • 
that secrete hydrogen peroxide. This mechanism is thought to be res­
ponsible for lesions in tracheal organ explants (Cherry & Taylor- 
Robinson, 1970b)
Several workers have studied the effect of K. hyopneuraoniae and 
M. hyorhinis in tissue cultures. Wesslen and Lanneck (195*0? using 
tissue cultures infected with the SEP agent, which were derived from 
piglet lung and kidney observed granulation of the cytoplasm followed 
by shrinkage and eventual destruction of the cells. The organism could 
also be passaged into human and bovine embryo tissues, and would produce 
oedema and enlargement of lung and lymph glands when inoculated into 
pigs after a^ many as 10 passages in the tissue cultures. In 1955? 
these authors^observed eosinophilic masses in the cytoplasm of the 
tissue culture cells with haematoxilin-eosin strain at 3 days post­
inoculation; at J - k  days, disruption and shrunken cytoplasm with
picnotic and cariolytic nuclei were seen, and at 6-8 days, the 
destruction was complete. The alterations of the nuclei as seen by 
Feulgen staining appeared later than those of the cytoplasm. Using 
Herzberg stain the particles could be seen, as they also could with 
phase contrast microscopy. The particles were recovered by centri­
fugation, stained, and characterized by serology. The authors concluded 
that the particles were unlike the psittacosis group of agents and the 
large viruses. The SEP agent was then adapted by Dinter et al. (1957) 
to the chick embryo yolk sac. This, together with the effect on the 
tissue cultures, suggest that the authors were working v/ith M. hyorhinis 
or at most with mixed infections. Hjhrre et al. (195*0 tried to repeat 
the results reported by Wesslen and Lannek but obtained a cytopathic 
agent only from 3 out of 16 pneumonic lungs, and these agents died by 
the sixth passage.
Due to the use of streptomycin which inhibits a large number of 
isolates, the results are difficult to interpret especially when most 
workers used large concentrations of serum in the sustaining fluids, 
providing a medium in which M. hyorhinis can easily grovz. Under these 
conditions it is probable that most of the cytopathic effects observed 
were due to acidification and depletion of nutrients in the medium, 
rather than cell invasion. Thus, most workers observed large clusters 
of organisms on the cells which looked in effect like microcolonies in 
formation rather than cytoplasmic invasion.
These problems were subsequently resolved. Switzer (1959b) 
studied the effects of M. hyorhinis in tissue cultures of pig kidney 
(105 passages) nasal mucosa (87 passages) lung (65 passages) and endo­
thelium (23 passages). The cultures were mainly epithelial cells only 
or epithelial and fibroblast cells. Giemsa stain was used to study 
the tissue cultures, and H. hyorhinis was found as a contaminant in 7
out of 15 nasal mucosa cultures. Its effect was that of lowering 
the pH, with damage to the cytoplasm, the organisms being then concen­
trated on the coll surfaco and after damaging it invading the cytoplasm. 
Numerous coccobacillary bodies wore soon on tho coll surfaco and in the 
cytoplasm.
Butler and Leach (1964) isolated a CPE-inducing agent (GDL) in a 
continuous Hep-2 culture. The agent was inoculated in monkey and rabbit 
kidney primaries plus HeLa and Hep-2 cell strains. The most intense 
damage was seen in rabbit kidney cells,.with granular round cell 
degeneration and association of clumps of fibroblasts and swollen cells. 
Eventually, total destruction of the cells was seenv In Hep-2 
continuous cell culture, increased acidity appeared at 7-9 days, 
coincident with rounding and shrinking of cells which also became 
granular, and the formation of spindle-shaped cells-with long fibro­
blastic extensions. The cells formed clumps and eventually fell off 
the glass. The same effect was seen in HeLa cells but in monkey kidney 
cells, the CPE was much milder. Armstrong et al. (1965) isolated a 
mycoplasma (Ell) from an hemangioma, and one (F12) from a posterior 
pharyngeal fibroma. These isolates were tested in a number of cell 
systems. The effects varied in the different cells, and took different 
periods of time to develop, the cell membrane became indistinct, the 
cytoplasm seeming to coalesce, dark granules appeared around the cyto­
plasm and nuclear membrane (unstained cultures), finally the cells 
rounded up and became detached. The addition of arginine moderated 
the CPS, but did not prevent it completely even when added at a high 
concentration.
Humraeler, Armstrong and Tomassini (1965) further studied the 
action of two such isolates (Fll and F12) in HeLa cells. By the 
day, the tubes showed increased acidity, and by the 7th day patches of
detached cells were seen. A V-shaped CPE with the apex to the mouth 
of the tube was seen in unmoved tubes. The cells lost their outer 
membrane, and then became granular and vacuolated. Granulation 
occurred at the nuclear membrane and cell border with the appearance of 
shiny vacuoles. In Giemsa stained cultures, aggregates of regular blue 
corpuscles were seen. When examined by electron microscopy, some 
large aggregates (up to 50 cells) were extracellular. Intracytoplas- 
matic mycoplasmas were seen inside vacuoles, or free inside the cyto- , 
plasm, when this was markedly necrotic. There was widening of the 
endoplasmic reticulum with vacuolation, distorted mitochondria and 
necrosis of the cytoplasm. Girard et al. (1965fi?) studied the effect 
of several mycoplasmas isolated from tissue cultures (Mycoplasma sp. 
strain Wistar 2, from uninoculated primary green monkey kidney,strain 
Wistar -1 from primary chick embryo, strain Wistar -5 from uninoculated 
V/l-26 cells and also strain GDL), in human diploid (‘V/1-26 and Wl-38)^ 
green monkey kidney (GMK) culture lines and HEK* only penicillin was 
added to these cultures. The cells were found to become readily 
detached from the glass and they became granular, shrunken and refrac- 
tile (unstained). The CPE was seen in only one area in stationary 
cultures. Finally, complete destruction of HEK and GMK was seen. In 
HDCS diploid cells, the effect was slower^  but a clumping of chromatin 
described as "leopard” was seen. Infected HDCS cells would only 
undergo 25-30 passages instead of the normal 50. Strains Wistar 1 and 
2 gave similar CPE and proved serologically identical among themselves 
and also with GDL, Cincy 7S Fll and F12.
Leach and Butler (1966) compared and identified a large number of 
mycoplasma agents isolated from tumours. They found that Fll was 
M. hominis and confirmed that F12 and GDL were identical, and were also 
similar to T7 (isolated by Sabin from a thymoma). This last group was
tested in MK (primary) HEP-2 and Wl-38 sustained in Eagle’s + 1% calf 
serum. Hep-2 reacted with spindle-cell production, rounding off and 
granularity, eventually becoming detached from the glass, these changes 
being closely parallel to acid production. V/1-3& was not affected by 
F12 and showe/i slight granularity with .GDL and T7. Iu the same year, 
Purcell et al.^ /identified GDL, tumour 7 and related organisms as 
M. hyorhinis.
All these studies gave a very good knowledge of the action of 
M. hyorhinis on tissue culture,- because most of them v/cro carried out 
under minimal amounts of, or no serum in the media, and no streptomycin. 
A large number of cells was tested in the different studies. Most 
primary cultures and cell lines seemed to be fully susceptible, whereas 
the diploid cell stains appeared to be more resistant.
■Some new-work has recently appeared on the same subject. In 
1970 Pospisil et al. studied the activity of M. hyorhinis in pig kidney 
with'the aid of FAT. They observed clumps of organisms, and also
minute granules adherent to the cell surface. Suggestion of intra-
cytoplasraic localization was seen only in a few cases. After 72 hours 
much nonspecific fluorescence deriving from cell products could be seen, 
which suggested extensive disruption. Potgieter, Frey 8c Ross (1972) 
used a celi strain derived from synovial fluid cells to study the action 
of M. hyorhinis and M. hyosynoviae by. Giemsa and fluorescent antibody 
stains. M. hyorhinis produced a severe CPE, usually present at 24- 
hours with detachment at 78-96 hours. At 24 hours, small pleomorphic 
bodies with delicate projecting filaments appeared, which.could be seen 
by fluorescence but not by Giemsa stain. At 48 hours, large spherical
structures were seen, which were of a uniform size at 48-96 hours. The
organisms were mainly found at the cell surface.
From 1963 the need to recognize K. hyorhinis was well accepted 
and several workers were studying the action of pure cultures of 
M. hyopneumoniao in tissue cultures. L’Ecuyer and Switzer (1963) tried 
to grow tho agent in a nurnbor of culturos. They used primary cultures 
of pig kidnoy, lung, testis and bone marrow and chick embryo kidney 
and cell strains of pig kidney, kidney tumor, testicle, bone marrow and 
lymph node, bovine kidney ancl human IleLa. The coverslips were stained 
by Giemsa and Acridine orange. No CPE was seen and no lesions produced 
in pigs (which were used to detect the organism) infected with pooled 
fluids of different cultures after the second passage, with the excep­
tion of a pool containing fluids from Hela, primary pig kidney, pig 
lung and serial lymph node cells, which produced macroscopic pneumonia 
in 1 out of 3 pigs. Some other pooled fluids produced microscopic 
pneumonia only, while the original lung used as inoculum for the tissue 
cultures readily produced pneumonia. On re-examination, it was found 
that only the Hela culture fluids were responsible for the lesions. 
However, at the 4th passage, the Hela culture fluid only produced 
microscopic lesions, in 1 out of 2 pigs. Different media and incuba­
tion temperatures did not change this, in addition the inoculum did not 
affect the chick embryo and was proven free of M. hyorhinis.
In 1963? Betts and Whittlestone isolated from pneumonic lungs an 
agent in pig lung cell systems kept in a medium with 15% bovine- serum 
but no streptomycin. CPE was produced but only after 14 days incuba­
tion. At 17-20 days degeneration was seen, the fluids produced 
pneumonia in pigs, and the tissues of these pigs yielded an organism 
producing damage at the 4th day, with degeneration at the l4th. A 
mosaic effect was seen in unstained cultures, due to opacity of the 
cytoplasm but not of the nucleus. On subsequent passages the CPE-was' 
produced at 3 or 4 days. Staining with Giemsa revealed organisms on
the cytoplasm. Fluids from prd-4th passage induced pneumonias, and the
20th passage still produced microscopic lesions in pigs. Maitland-
type cultures were unsuccessful in growing the agentj their fluids did
not transmit pneumonia, no effect being detected in the monolayer
cultures either. In the same year, Goodwin and V/hittlestone/used pig
lung monolayers and plasma-clot cultures, in a sustaining medium that
would grow Mo hyopneumoniae. The authors stated that 5 or.10% pig
serum had been unsuitable for growth of the organism in the tissue
culture (which suggests that growth in the fluids was necessary for
the production of the recorded, effect). The mosaic pattern appeared '
at 6 days on primary-isolation. Inoculation from the 7th passage 
—16(dilution 10 from the original) still produced pneumonias in pigs.
The organisms, as seen by Giemsa stain, occurred extra and supracellu- 
larly, sometimes in large supracellular groups. Mare and Switzer (1966a 
used M. hyopneumoniae strain 11 in pneumonic pig lung primary cultures. 
The cells were then inoculated back into pigs and also studied by 
Giemsa and electron microscopy. It was found that third passage 
cultures readily produced pneumonia in pigs but not 7th passage', and no 
CPE was seen. However, L’Ecuyer (1969) readily produced slight damage 
in pig testicle primary cultures. The effect appeared at 6 days on 
first isolation with very few Mycoplasmas seen at 3 days and many at 10 
days. Disease in pigs was produced up to the 10th passage.
Finally, L’Ecuyer and Boulanger (1970) saw clear-cut intensely 
fluorescent bodies appearing singly or in clumps and seemingly on the 
surface of cells, when using the FAT in the same system as described 
above. The effect of M. hyopneumoniae on the tissue culture cannot be 
properly interpreted from these findings because here again, the addition 
of large amounts of serum, specially of pig serum, will favour growth 
independent from the tissue. Therefore, although the action of
M. hyorhinis has been v.Tell studied and' described in a variety' of 
tissue cultures, there is no satisfactory description of the action of 
Ho hyopneumoniae. The possibility that this organism produces a 
distinguishable CPE exists, and it is examined in this chapter. 
Furthermore, the tissue culture system, aided by the FAT, might be a 
useful method of identifying H. hyopneumoniae in mixed cultures.
Studies in Tracheal Explants:
Tracheal organ explants have been used increasingly in re cent 
years for the isolation of viruses from the respiratory tract (Tyrrell 
and Hoorn, 1965; Hoorn & Tyrrell, 1969), for which purpose they are 
particularly well suited in supporting the growth of some viruses which 
do not usually grow in tissue culture.
The first to use such explants for mycoplasma studies was Butler
(1968), who observed that M. hominis would grow in them. Collier et al.
(1969) and Butler.(1969) reported on the use of these explants for the 
growth of some mycoplasma species. Butler observed that, although they 
would originally grow well, some species of mycoplasmas could not be 
recovered after 14 days post-inoculation. M. salivarium caused no 
CPE, while M. mycoides var mycoides caused a rounding of the epithelium, 
with its subsequent destruction, and H. pneumoniae apparently produced 
similar changes. Analogous results were obtained by Collier et al. 
(1969) using hampster tracheal explants, maintained in a mycoplasma 
broth, infected with a variety of human strains. Only M. pneumoniae 
produced damage, and this was greater when virulent, rather than 
attenuated strains were used. Only explants that were put directly in 
contact with the organism were damaged, and no apparent change occurred 
when the tracheas were put in a fluid in which the Mycoplasma had grown. 
They concluded that the damage resulted from the direct action of the 
organism on the epithelium, and not of toxic substances produced by it.
Cherry and Taylor-Robinson (1970a) using chick embryo tracheas, 
found that M. gallisepticum, M. mycoides var capri, and Mycoplasma sp. 
strain B3? caused a ciliary stopping effect, whereas M. gallinarum, 
strain V/Rl, M. hominis, and a human nT” strain did not. Likewise, 5 
different strains of M. pneumoniae had no effect on these explants, 
although one managed to grow on it. They later (1970b) demonstrated 
that M. mycoides var. capri would'not cause lesions to a similar 
tracheal system if catalase was present to destroy the hydrogen peroxide, 
but not if the catalase was boiled first. However, if the tracheas . 
were grown in fluids that had maintained the mycoplasma, their ciliary 
activity was not impaired, in accordance with the demonstration by 
Somerson et al. (19&5) and Cohen & Somerson (1967), that damage mediated 
by hydrogen peroxide (in this case haemolysis) only occurred when there 
was a continuous production of it. Cohen Sc Somerson also demonstrated 
that the amount of hydrogen peroxide produced was proportional to the 
number of organisms, and was a true end product of their metabolism.
Other factors had influence on the ciliary-stopping effect. The 
addition of neuraminidase delayed the damage, probably by preventing the 
cytoadsorbtion by the mycoplasma. The addition of glucose also 
inhibited the effect, according to the authors possibly due to stimula­
tion of the production of peroxidase by the mycoplasmas'themselves. In' 
another experiment, Cherry & Taylor-Robinson (1970c), concluded that, 
although hydrogen peroxide seemed to be the cause of the lesions produced 
by M. mycoides var. capri, this was not so with M. gallisepticum, 
because the effect of this organism was not inhibited by catalase. Both 
the sustaining medium and the trachea can be the source of catalase and 
hydrogen peroxide. It was found that the amount of hydrogen peroxide 
produced, its delivery to the cell site and its action on the myco­
plasmas themselves, were of great importance in determining the presence 
or absence of lesions.
Butler ot al. (1971), observed the growth and damage produced 
by a number of different mycoplasmas from human, poultry and ruminant 
sources in both human and chick tracheal explants. They found that 
two human species grew moderately well in human, but not in chick 
explants, while two poultry and two ruminant strains grew'-in both. All 
species showed an adaptation phenomenon, by which successive transfers 
in tracheal explants would yield higher titres of viable organisms, 
with the exception of M. mycoides var. capri, which grew well from the 
start. Only M. mycoides var. capri and M. gallisepticum produced CPE., 
the latter only in the chick tracheas, although it grew in the human 
ones. Fluids containing M. mycoides var. capri and frozen to destroy 
the organisms, still caused a moderate CPE, but on dilution these w ere  
without activity.
Collier & Clyde (1971)? studied in detail the interaction of
H. pneumoniae with tracheal explants using electronmicroscopy, and found 
that this organism possessed a specialized terminal structure by which 
it attached to the epithelial cells. This structure is reminiscent of 
th.e "bleb” which served as attachment structure to M. gallisepticum.
More than 100 mycoplasmas could attach to the luminal area of an 
epithelial cell, and many more to the cilia. No intracellular forms 
were seen. M. pneumoniae also seemed to produce lesions due to 
hydrogen peroxide secretion (Cohen et al. 1967). Some attenuated 
strains of this organism produced as much hydrogen peroxide as the 
virulent ones, but completely, attenuated strains lost their ability toJtcX.
cytoadsorb (Lipman^k- Clyde-, 1969). It could be that M. pneumoniae does 
produce lesions due to the secretion of hydrogen peroxide, but. only if 
it can still cytoadsorb. The attenuated strain preserved its terminal 
structure intact, which means that the changes must be subtle, perhaps 
at the enzymatic level (Collier, 1972). The same could £e true of
~M;r~galTi~septTcum. ~In~M. mycoides var. mycoides, attachment has not 
been shown to be so important, although it probably occurs. This 
species produces more hydrogen peroxide than the other mycoplasmas 
tested (Cherry & Taylor-Robinson, 1970c), and this perhaps is the 
reason why it can damage tracheas from different species.
Studying the relationship .between two mycoplasma species, 
Taylor-Robinson and Cherry (1971) surprisingly found that M. gallinarum 
decreased the effects of M. gallisepticum on chick tracheal explants.
The same happened when M. gallinarum'was mixed with M. mycoides var. 
capri. The authors concluded that M. gallinarum probably produces 
peroxidases which neutralize the hydrogen peroxide of the other two 
species.
Reed (1971) used porcine and bovine tracheal explants to study 
the interaction between H. hyorhinis and influenza viruses. She found 
that M. hyorhinis did not cause lesions on the trachea, but would grow 
on them. This growth was enhanced if the culture was first infected 
with an Influenza virus, although the reverse did not occur. The CPE 
of both agents was increased when they acted together in porcine, but 
not bovine, explants, but this increase was not statistically significant 
She then demonstrated (Reed, 1972a, 1972b) that increased growth of 
Mo hyorhinis was due to the release of cell products,'which could be 
achieved either by mechanical damage to the tracheas, or by their 
previous treatment with a cytopathogenic virus. These substances were 
not dialysable, they included trypsin sensitive and heat resistant 
compounds. Heating the fluids enhanced their growth promoting nature, 
which suggested that heatlabile inhibitors might also be present.
Similar observations were made by Westerberg et al. (1972) using 
M. pulmonis and influenza virus in mouse tracheal organ explants*
However, although the mixed infections resulted in greater damage to the
tracheas' t han~ e it he r ~ a g e n ta  lone 7 ^ no'incr ease irTth e growth on 
M. pulmonis could be detected.
It is not surprising to find that virus and mycoplasma mixtures 
result in enhanced damage, as this has been shown to happen in live 
animals (Roberts, 1964; Kasza et al. 1969). More surprising is the 
lack of CEE on the tracheal explants by M. hyorhinis alone, more so in 
view of the fact that this organism is known to produce hydrogen 
peroxide (Lind, 1970; Johnson et al. 1972)•
Lind (I97O) described a much simpler procedure than the catalase- 
aminotriazole method for detecting hydrogen peroxide secretion, based on 
the staining of RBC by Methylene ‘Blue when these were put in contact 
with hydrogen peroxide. By this method, it was shown that M. hyorhinis 
strain EF25, and M. laidlawii, among others, produced hydrogen peroxide, 
and that all hydrogen peroxide-producing species were haemolytic, whereas 
the others were not. Johnson et al. (1972) then demonstrated that the 
Methylene Blue Staining (MBS) method exactly correlated with the 
catalase-inhibition and the Benzidine-blood agar methods of detecting 
hydrogen peroxide. They confirmed that M. hyorhinis and A., laidlawii 
and also A. granularurn produced hydrogen peroxide.
The objective of this work was to study the action of some porcine 
mycoplasmas, and specially of M. hyopneumoniae and K. hyorhinis, in 
tissue and organ explants, and to determine if the different species 
secrete hydrogen peroxide.'
Materials and-Methods
Media: H, E and HP media, liquid and solid, were used
throughout for the propagation of strains, viable counts, and for the 
'Methylene Blue Staining test.
Strains: M. hyorhinis strains Mhr 7/8 and. Mhr 10/4 were used
for the cell culture experiments; strains Mhr 3/**1? Mhr 10/4, Mhr 3/10 
and S7 were inoculated into the tracheal organ cultures; strains 
Mhr 3/**-? Mhr 10/3, Mhr 3/10, GDL and S7 were used in the peroxide 
secretion experiments. M. hyopneumoniae strains EP29 and 6238, were 
used for the cell cultures; strains' EP29, 6238, Mhp 9/1 and Mhp 5/**- 
for the tracheal cultures, and strains EP29 and Mhp 5/**- for the MBS 
test. M. hyosynoviae strain P45 was used for the tracheal cultures, 
and strains P45 and Sl6 for the MBS test. A. granularum strain 39 
was used for tracheal cultures and the MBS test.
Viable Counts: All mycoplasmas were counted by the Miles and
Misra colony-counting drop method, with the exception of M. hyopneumoniae 
which was counted by a dilution technique with 5 replicas (Meynell 8c 
Meynell, 1965).
Tissue Cultures: Pig monolayer cultures were prepared as
follows: The kidneys were obtained asceptically from HPCD 1-week old
piglets, and transported in phosphate buffer. For preparation of the 
cells the capsule was removed and the cortex scraped until the modular 
portion was exposed, which was then cut into small cubes, washed three 
times in trypsin diluent, and then trypsinized (0.25% trypsin) for 3°- 
40 minutes at 3?°0 in a Erlenraeyer flask under constant agitation using . 
a magnetic stirrer. The suspension was then allowed to sediment, the 
supernatant was discarded and the sediment centrifuged. Four ml of the 
pellet were then resuspended in 1 litre (approx. 1 x 10° cells final
suspension) of Hank’s solution, and Leighton tubes were seeded v/ith
1.5 nil of this suspension. Some 1 oz medical flats w ere also seeded, 
v/ith four ml of the suspension. The cultures w ere incubated for 1 week 
at 37°C, the medium discarded, and the cultures washed once v/ith Earle’s 
BSS with lactalbumin, 1% calf serum and 50,0 u/ml benzylpenicillin..
Two ml of this medium were then put into-the tubes which w ere ready for 
use. The medium alone-'would not support the growth of.either H. hyorhinis 
or Mo hyopneumoniae.
Inoculated tubes w ere incubated at 37°C, and the medium changed 
every 3-^ days. Specimen tubes infected either with M. hyorhinis or 
,M. hyopneumoniae were removed each day, together with uninoculated 
cultures, and stained by a modified Giemsa method (below). Four 
experiments, each of 150 tubes, were used in the study.
Plaque Assay: Tissue culture monolayers in 1 oz medical flat
bottles were used. The monolayers were washed tv/ice v/ith Eagle’s
Minimal Essential Medium and inoculated with 0.5 ml aliquots of dilu- 
-1 -7tions between 10 and 10 of the mycoplasma cultures listed in table 
3-*l. The inoculated cell cultures were incubated at 37°C for 1 hour 
(series 1 and 3) or 6 hours (series 2). The supernatant liquid was 
then decanted and 4 ml of an agar overlay added. In series 1 and 2 
the overlay was:- Noble’ Agar 6 g; 400 ml distilled water; 50 ml 
lactalbumin; 50 ml Earle's BSS: and 12.5 ml of a 7*5% sodium bicar­
bonate solution v/ith phenol red; the medium was sterilized by filtra­
tion. In series 3 the overlay was of HP agar. The overlaid cultures 
were incubated at 38°C for 5 days (series 1) or 7 days (series 2 and 3) 
and then covered v/ith an overlay similar to the first but v/ithout lactal­
bumin and v/ith neutral red, left for 2 hours in the dark at 37°0 and 
examined for plaques. The examination was repeated after overnight 
incubation at 37°C in the dark.
’~r_ Organ Explants: Tw<j three week old HPCD piglets were killed.
The trachea of each animal was exposed, removed asceptically, and 
placed in Hank’s Balanced Salt Solution containing 1000 u/ml 
benzylpenicillin, 0.5% lactalbumin* 0.01% yeast extract and 0.033/^
KaHCO^ buffer, where they were incubated for 3 hours at 57°C * Excess 
tissue was then removed, and rings 1 mm in thickness v/ere cut, each 
trachea yielding 18-20 rings. These v/ere placed in fresh Hank’s 
Balanced Salt Solution, and the container shaken vigorously to release 
the mucus trapped inside the rings. They v/ere then placed in 13 x 
I50 mm tissue culture tubes to v/hich was added 2 ml of Eagle’s essential 
medium (Wellcome) containing 1000 u/ral benzylpenicillin and 0.21%
WallCO, buffer.
The explants v/ere infected by adding the appropriate mycoplasma. 
An equivalent amount of sterile broth v/as added to each control. The 
tubes v/ere held at an angle of approximately 20°, and incubated 
aerobically at 37°C. The explants v/ere assessed daily for ciliary 
movement, with the help of a dissecting microscope using transmitted 
light. As any method of quantification of this movement would have 
probably been empirical, rings that had any movement in any area v/ere 
considered as ’’alive”, while rings that had no ciliary activity at ail 
were considered ’’dead”. The medium in the explants was changed tv/ice 
weekly.
Modified Giemsa Staining Method: The following method v/as used:
After decanting the fluids from the tissue cultures, these v/ere given 
one wash with phosphate buffer pH 7.1, fixed v/ith acetone for 10 minutes, 
and allowed to air dry at 37°C. They were then covered v/ith a fresh 
solution of potassium permanganate for 2 minutes, washed once with 
distilled .water, and covered with a 1/23 solution of Giemsa for 18 hours 
at room temperature. After this, the- stain v/as differentiated by
_washing with a 1% solution of acetic acid for 3-1Q seconds, washed.______
once in distilled water, dried and mounted with DPX. The tissue 
cultures v/ere observed and photographed v/ith a ”Leitz” Panphot 
microscope.
Histopathology: Tracheal rings were removed at regular
intervals, fixed in 10% buffered neutral formalin, embedded in paraffin, 
and sections 3-7 j*- iu thickness v/ere cut and stained with haematoxilin 
and eosin.
Methylene Blue Staining Test: The technique used v/as as
described by Lind (1970). Human group ”0" red blood cells v/ere used.
They were•washed 3 times in saline, and resuspended at a concentration 
of 0.3% in phosphate buffer (Sorensen) pH 7«A. Methylene Blue v/as 
diluted to 0.1% solution in distilled water, and then a 1/10 dilution 
was made in phosphate buffer prior to use. An equal volume of the 
red blood cells and methylene blue v/ere mixed and used immediately.
Agar blocks containing v/ell separated colonies of each organism, v/ere 
put on glass slides, and the colonies covered v/ith the red blood cells- 
methylene blue solution, and left to react for 10 min. at room 
temperature. They were then observed though a dissecting microscope,
100 X magnification. When the organism was a hydrogen peroxide secretor, 
the red blood cells lying next to the colony, or on top of it, stained 
blue v/ith the methylene blue, while erythrocytes not in contact v/ith the 
colonies did not. Non hydrogen peroxide producing species did not 
cause the staining of the red blood cells. The test v/as observed and 
photographed v/ith a ’’Reichert” Zetopan microscope.
Results
Survival and Growth in Cell Cultures: The mycoplasmas v/ere nearly
always successfully reisolated from the infected cell cultures at the 
end of the experiment, that is, after 13 days. The exception v/as 
M. hyopneumoniae strain 6238 which v/as not recovered at the end of the
Table— g— 1— ----- ------- ------- - -- ------------ '
Growth of M. hyorhinis and M» hyopneumoniae in Cell Cultures
Exp.
No. ' 
tubes 
used
Organism Strain Dilutionsinoculated
Predilution
titre
Re­
isolation
Titre 
. after 11 
days
60 Mhp EP29 -3 -610 p to 10 ° 2.6 X 1010* yes NT
1 60 Mhr MhrlO/Ll. 10“5 to 10“7 6 A  X 107 yes NT
30 - NA NA NA ■ ■ NA
60 Mhp EP29 -1 -M10 to 10 2o6 X 1010 yes L2.6 X 10
2 60 Mhr . Mhr10/ k- 10-3 10 10-6 6 A  X 107 yes 3.8 X 1010
30 - NA NA NA NA
6o Mhp 623b -1 -E10 X to 10 1.6 X 107 no NT
3 6o Mhr Mhr7/B -3 -610 p to 10 0 2.2 X 108 yes NT
30 . - NA NA NA NA
60 Mhp SP29 -1 A10 x to 10 2.6 x 1010 •yes NT
k 60 Mhr MhrlO/k -3 -610 p to 10 D 6 A  X 107 yes NT
30 - NA NA NA NA
*• = Given in colour-changing units (for K» hyopneumoniae) or colony- 
forming units (for K. hyorhinis)
NA = Not applicable
NT = Not tested
Mhp = M. hyopneumoniae
Mhr = M. hyorhinis
~experaraent~no 3—(-table-— 3— .I )-. —The—reasons-f or—this - wer e . not _______
known, especially when mycoplasma-like cells v/ere clearly seen in the 
cultures under microscopical examination. Only in the second experi­
ment was a full titration made, at 11 days M. hyorhinis strain MhrlO/**- 
survived and grew v/ell in the tissue culture, multiplying 1000-fold.
M. hyopneumoniae EP29 on the other hand, only managed to maintain its 
viability, either by surviving, or as a result of replication and death 
of cells. However, when put in tissue culture medium without cells it 
could not be recovered after three days. The decline v/as similar to, 
but less marked than that seen in tracheal organ explants (below).
Effects on the Cells; The cytopathogenic effect caused by 
M. hyorhinis.was considerable: from day 2 extensive damage could be
seen in areas of the cell sheet. In these areas the cells had a more 
diffuse and more granular nuclear material, and the cytoplasm v/as shrunk. 
Many small deeply-staining coccoid organisms v/ere seen, mainly singly or 
in clusters on the glass surface and also on the cytoplasm of cells in 
the infected areas. At this stage the effect of dilution on the 
inoculum could be observed, so that CPE v/as greater at the lower dilu­
tions, and therefore much fewer-organisms and affected cells v/ere seen 
in the 10" than the 10*"^  dilution. In the 10~ dilution the cells 
appeared normal and the only evidence of infection was the presence of 
coccoid organisms. Some cells had long thin cytoplasmic processes 
which' v/ere usually, but not always, completely surrounded by organisms. 
The numbers of cells showing these processes did not seem to increase 
v/ith time after inoculation, but v/ere greater in tissue cultures which
v/ere heavily infected (Figs. 3 -3, 3s 7)*
On the third day many more cells were affected, v/ith degranulated
and some pyknotic nuclei. Many coccoid organisms v/ere seen in addition
-6to globose forms and short rods. The 10 dilution showed less marked
changes, being similar to the 10 dilution of day 2.
  _Onday__A, . JLarge - ar-eaG -vithout- cellrS-v/ere-foundy ~v/ith“'numerous_“
coccoid organisms mixed v/ith the cell debris. Cells next to these 
areas had very vacuolated cytoplasm v/ith coccoid organisms on or in 
most* if not all, cells. The nuclei stained deeper and the cytoplasm 
v/as very shrunken. However, some patches of normal - looking cells 
v/ere still found, with coccoid organisms on their surfaces.■ The 
effect of dilution of the inoculum was much less noticeable. From the 
6th day onwards the appearance changed little, since most of the cell 
sheet v/as destroyed, although some small patches of cells survived.
These might either be normal or have deeply staining nuclei, shrunken 
cytoplasm, or in some cases extremely vacuolated cytoplasm v/ith the 
vacuole surrounded by coccoid organisms, giving a starlike appearance 
to the cells. In the extensive areas where no cells could be found 
numerous organisms v/ere adhering to the glass surface. The small 
patches of cells remaining always showed extensive invasion of the 
cytoplasm by the organisms, but in most, but not all, tubes some cells 
of the sheet managed to survive: all four experiments gave very similar
results (Figs. 3 .3* 3 A ) »  Very different results were obtained
with M. hyopneumoniae. Until the 6th day no changes at all were 
observed, v/ith the exception of the occasional appearance of very deep-
mm
staining coccoid organisms. (Fig. 3 .*f). By the 6th day the 10
dilutions showed a moderate number of the organisms on the cytoplasm or
the glass (fig. 3 ..6), but no cell changes v/ere seen; in the 10
dilutions no organisms v/ere detected. Although the number of coccoid
organisms increased to a peak at 10-11 days (Figs. 3 .10, 3 .11) they
were never as numerous as the K. hyorhinis at 2 days, and no cytopatho-
genic effect or cell change of any nature was seen up to the l*fth day.
Also, throughout the experiment, a definite dilution effect could be
seen. No differences were seen from experiment to experiment. The
organisms were about the same size and shape • as the H. hyorhinis and
-cou-l-d—not—be~re'a'dily- erentiated by their appearance alone, but 
ring forms and bipolar rods v/ere occasionally seen (Fig. 3 .11).
Plaques: No plaque formation v/as found. The M. hyorhinis
in series 2 caused disruption of the cell sheet but no plaque formation. 
The tissue cultures infected v/ith K. hyopneumoniae v/ere in all cases' 
similar to the controls.
Survival and Growth'in Tracheal Organ Explants: The *f porcine
mycoplasmas in tracheal explants were observed for 13 days after inocu­
lation. Aftor this period, there v/as a marked decreaco in the ciliary 
activity of the control explunts. The viable titres of M. hyorhinis,
M. hyosynoviae and A. granularum v/ere very similar at the end of the
experiment. There was a marked reduction in the titre of H. hyopneumoniae
- 1 2over 3 b.ays, after which period it remained level at 10 r- 10 
organisms/ml. None of these organisms could survive in the sustaining 
medium without tracheas. (see Fig. 3 .1).
Effect on the Organ Explants: The effect of the mycoplasmas in
the tracheas is summarized in figure , 3 .2. M. hyorhinis appeared to 
be the most inhibitory, the activity in all explants ceasing in 6 days 
in the presence of MhrlO/**, on 2 occasions tested; within 11 days on 
3 occasions, and 9 days on one occasion in the presence of-Mhr 3/^°
The effect of M. hyorhinis strain S7 is separately reported in table 3 .2, 
together v/ith Mhr 3/10 and M. hyopneumoniae strain Mhp 3/**-, which served 
as controls of. that experiment. M. hyorhinis S7 stopped all activit3r 
within 7 days post-inoculation, while Mhr 3/10 did so in 11 days.
A. granularum also inhibited ciliary movement quite markedly. In 
one experiment, ciliary activity ceased in 82% of the explants by the 
13th post-inoculation day. In another experiment, this figure v/as 66%. 
Two experiments v/ere conducted v/ith M. hyosynoviae. In one, ciliary 
activity ceased in 66% of the explants by the 13th post-inoculation day,
~whiTe”3ih~t~h<T~other, 37/ of the explants v/ere inactive at the same date.
Either two or three experiments v/ere conducted v/ith each strain
of M. hyopneumoniae. The infected explants often survived longer and 
% ,
.with greater ciliary activity than did the control explants. ' The 
number of organ explants affected by the 6238 strain v/as 30-33/ (at 
13 days post-inoculation), by the EP29 strain 33-8**%, and by the Mhp9/1 
strain, only 10%. M. hyopneumoniae strain Mhp 3/** affected 20% of the 
explants in 11 days (table 3*2). The mortality of the uninoculated 
control explants v/as 22-6*f%, based on 6 experiments, v/ith a mean of 37% 
mortality at 13 days.
All strains of M. hyorhinis had marked effects on the explonto, 
causing complete loss of cilia, v/ith extensive necrosis and patches of 
very flattened epithelium. With A. granularum, no necrosis v/as seen, 
but flattening of the epithelium occurred in some areas, v/ith swelling 
of the epithelial cells in other areas, and some loss of cilia. There 
was little difference between the explants infected with M. hyosynoviae 
and the. controls, both showing flattening of the epithelium and’loss of 
cilia in places. V/ith H. hyopneumoniae, the epithelium was thicker in 
places than the controls and also had more cilia. Some epithelial 
cells seemed to be piled up with the appearance of budding. In the 
control explants, the epithelium was more flattened and the budding less 
obvious (see Figs. 3.12, 3.13? 3.1*0.
M. hyorhinis strains (Figs. 3.13, 3*16) and the A. granularum 
strain (Fig. 3*17) produced hydrogen peroxide. M. hyopneumoniae
Table 3 .2
Bffect of M, hyorhinis strain S7 on Porcine Tracheal Explants
Species Strain
2
Days post 
3 6
-inoculation 
7 9 10 11
Mhr S7 25* 40 8o 100 100 100 100
Mhr Mhr 3/10 5 13 50 80 90 . 90 100
Mhp Mhp 5 A - - 10 10 10 20 20
Controls - 15 28 28 30 30 35
* = Percentage of tracheas showing complete loss of ciliary 
activity
Khr = M, hyorhinis
Mhp = M. hyopneumoniae
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* M . hyorhinis
Strain 
M h r  1 0 /3
I M. hyorhinis M h r 3 /4
□ M . granularum 39
0 M. hyosynoviae p45
A M .‘hyopneumonioe EP29
© M. hyopneumonioe 62 38
A M . hyopneumonioe M h p  9/1
■
•
•
■ Controls
-3K. hyorhinis-infected culture, 10 dilution, 2 days
post-inoculation, X 1530
Organisms are aggregated on the cytoplasm.
Fig._„ .3.^
-3M. hyopneumoniae-infected culture, 10 dilution, 2 days 
post-inoculation* X 1550
No visible changes are observed.
_3
M. hyorhinis-infected culture, 10 dilution, 6 days
post-inoculation, X 1550
Cell-free area, with the organisms adhering to the glass.
9
Fig. 3*6
-3M. hyopneumoniae-infected culture, 10 dilution, 6 days 
post-inoculation, X 1550
Some small amounts of organisms are seen, together with large, 
globose structures.
?i.8.v 3 -7
-3M. hyorhinis-infected culture, 10 dilution, 7 days post­
inoculation* X 1550-
Organisms on cytoplasm, production of a long cytoplasmic process, 
completely covered by organisms.
Fig. 3
Control culture, 8 days after the start of the experiment. X 1550.
9
-3M. hyorhinis-infected culture, 10 dilution, 8 days post­
inoculation ■> X 1550
An isolated cell is seen, with shrunken cytoplasm covered by a 
number of organisms.
Fig. 3 >10
M. hyopneumoniae-infected culture, 10~^ dilution, 8 days post­
inoculation, X 1550
Vacuolated cells are seen, with many organisms on the cytoplasm.
Fig. 3,11
M. hyopneumoniae-infected culture, 10 u dilution, 8 days post­
inoculation. X 1550.
Organisms are seen on the cytoplasm but less than in Fig. 3»10 
showing dilution effect. Typical ring bipolar forms are seen.
0  .
Fig. .12
Control trachea after 8 days in culture. X 130. 
The epithelium is flattened.
J X g .  >> ,J.p
M. hyorhinis-infected trachea 8 days post-inoculation* X 280 
There is widespread necrosis of the epithelium, and loss of cilia.
Fig. 3 .14
M. hyopneumoniae-infected trachea 8 days post-inoculation4 X 430 
The epithelium is thicker than in the control.
J X g .  J .x?
Production of Hydrogen Peroxide by M. hyorhinis strain Mhr 3/^« X 230.
Fig. 3 -.16
Production of Hydrogen Peroxide by M. hyorhinis strain 37* X 230.
Fig. 3 .17
Production of Hydrogen Peroxide by A. granularum strain 39. X 230.
Fig. 3 .18
Production of Hydrogen Peroxide by M. hyopneumoniae strain Mhp 3/4. 
No Hydrogen Peroxide is detected. X 1500.
Fig. 5 -19
Production of Hydrogen Peroxide by M. hyosynoviae strain P45. 
No Hydrogen Peroxide is detected. X 1500.
Discussion
Effect on cell cultures: The results obtained here with
M. hyorhinis closely parallel those reported previously ana described 
in the introduction. Granulation of cells, spindle-cell formation and 
appearance of multiple coccoia organisms have all been described before. 
Zucker-Franklin et al. (1966a) described the appearance of cytoplasmic 
processes similar to those in Fig. 3 following infection of HeLa 
cells with either H. pneumoniae - or M. gallisepticum (two hydrogen 
peroxide-producing species). These processes differed from pseudopods, 
and they were explained as an attempt on the part of the cells to com­
pensate for the surface area invaded by the mycoplasmas® The cyto- 
pathogenic effect caused by mycoplasmas is known to vary depending on 
the tissue culture system employed (Armstrong et al., 1965)J an effect
at 2 days is one of the earliest reported for H. hyorhinis but pig 
%
kidney tissue culture is a much better tissue culture system for pig 
mycoplasmas than, for example, WI-3& human diploid cells.
Some observations, i.e. the appearance of black granules in 
unstained cultures could not be made, as only stained cultures were 
studied. In a similar way, the V-shaped CPE observed in stationary 
cultures (Hummeller et al. 1965)'was not seen here, as the cultures 
were disturbed to change the medium. It ’was hoped that such CPE, or at 
least plaque formation, would be observed in the plaque assays. 
Surprisingly this was not so, and no satisfactory explanation can be 
given to this. Perhaps the agar proved inhibitory, or oxigenation 
proved deficient; in these circumstances, the growth of M, hyorhinis 
would be prevented. Agar is known to be inhibitory for several myco­
plasmas, and it is markedly so for H. hyopneumoniae, where agarose or 
very pure agar is needed to demonstrate colony formation, but M. hyorhinis
has always grown well in agar in this laboratory* The ‘‘leopard"
clumping of nuclear chromatin reported by Girardi et al* (1965) in 
human diploid cell strains has not, as far as is known, been seen in 
any other tissue culture system, and was not seen here* •
Potgieter et al. (197<i) described the effects of H. hyorhinis on 
a synovial fluid cell tissue culture* Ring form structures were seen 
by Giemsa stain which appeared globose by immunofluorescence* Globose 
structures were seen in these experiments too but no ring forms, 
although in the morphology studies (see chapter I), such forms were seen.
There is little doubt that H* hyorhinis causes extreme disruption 
of the cells* This disruption did not seem to be due to cell invasion, 
and large numbers of mycoplasmas were found in what would seem to be a 
supracellular position. At first, it was thought that this covered 
only cytoplasmic areas and not the nuclear area, which would suggest 
intracellular invasion of the cytoplasm. Closer observations showed 
that this.was not always the case, the original.impression being due to 
the fact that the nucleus stained a very deep blue colour, very similar 
to that of the organisms, making them difficult to detect. Apart from 
this drawback, the intensified Giemsa stain proved very valuable, giving 
better staining than with ordinary Giemsa. Intracellular invasion by 
M. hyorhinis has been seen (Rummel&er et al. 1965), and in this work,
M. hyorhinis was frequently seen in association with cell debris. But 
it seems that intracellular invasion is the result and not the cause 
of membrane damage. For some time is was believed that K. hyorhinis 
produced its cytopathogenic effect by depletion of the arginine of the 
medium, but Armstrong et al. (19&5) could not prevent the cytopathogenic. 
effect even after the addition of arginine. hyorhinis is not an
arginine-splitting species, but it shares some characteristics with this
However, another possibility is that the
cytopathogenic effect is caused by hydrogen peroxide production, since 
M. hyorhinis produced hydrogen peroxide, and caused extensive damage to 
tracheal organ explants, which can be related to hydrogen peroxide 
production(Cherry & Taylor-Robinson, 1970b). Some of the lesions 
caused by M. hyorhinis resemble those observed with M. pneumoniae and 
M. gallisepticum, two hydrogen peroxide-producing species (Zucker-Ifanklin 
et al. 1966a,b).
M. hyopneumoniae caused no CPE, and failed to grow in the tissue 
culture. This contradicts previous observatibns (Betts & Whittlestone, 
19^3) in which growth and a slight CPE was observed. These studies 
were made in tissue cultures which contained large amounts of serum, 
which would favour the growth of M, hyopneumoniae, and perhaps the 
production of minor changes by nutrient depletion or increased acidity.
It would seem, however, that M. hyopneumoniae is not capable, or barely 
so, of growing in a tissue culture system containing minimal serum, as 
was used here.
No cytopathogenic effect was observed even after 13 days incuba­
tion; but at this stage the tissue culture was beginning to degenerate
and observations were not easy. This accords with the fact that it 
does not seem to produce hydrogen peroxide, but is remarkable in view 
of its pathogenicity IN VIVO. It must be borne in mind that cell 
invasion is not a feature of M. hyopneumoniae infections in the field 
(Livingston et al., 1972), where the organism is only seen lining the 
bronchial epithelium, and never in the lung parenchyma or alveolar 
spaces.
It is difficult to explain why, when there was a steady increase 
in the number of organisms seen from day 6 onwards, the final titre
in the second series was much l o w e r than the original inoculum. This
might be explained by considerable death of organisms in the early days,
until a very few organisms, adapted to the tissue culture, started to 
multiply slowly. This might be the case as the final titre, although
low, was higher than in organ explants.
It was not possible to ascertain if multiplication occurred 
intra - or extracellularly, but that it was dependent on invasion of 
or close contact with the cells, or to the presence of cell products,
was shown by the inability of the organisms to grow in the medium
alone. Zucker-Franklin et al. (19,66a,b), could not demonstrate intra­
cellular mycoplasmas in infected HeLa cells with intact membranes but 
could show them in disrupted cells or cells that had lost areas of 
membrane but had preserved organelle structure and relations. In our 
experiments mycoplasmas mixed with cell debris were seen adhering to 
glass, and this could be a similar phenomenon.
The initial object of this work was to find out whether 
M. hyopneumoniae had a cytopathogenic effect sufficiently distinctive 
to permit its detection even in mixed culture with M. hyorhinis. The 
results show that this was not the case.
Effect on Tracheal Explants:
The results obtained in this study seemed at first rather 
surprising. M. hyopneumoniae, which is the most pathogenic species for 
the respiratory tract of pigs produced the least effect on the explants, 
while H. hyorhinis, a mildly pathogenic mycoplasma, produced considerable 
damage. V/hen this work had been completed, a number of papers appeared 
that helped to better explain these results. Lind (1970) and Johnson 
et al. (1972), demonstrated that M. hyorhinis produces hydrogen peroxide, 
which could explain its activity in these explants. However, Reed 
(1971$) could not demonstrate any action by M. hyorhinis strain S7 on 
pig tracheas. Because of this, a further experiment was done 
(table 3 .2), using strain S7. The strain proved as pathogenic as 
the other M. hyorhinis species including strain Mhr 3/10, which was used
as control. It was then demonstrated that this strain, and all the 
other common strains of H. hyorhinis used in .this institute, also 
produced hydrogen peroxide. The reason why Reedfs strain S? proved 
ineffective is not known. It could be that her strain is a non­
peroxide producing, or a peroxidase producing mutant. The possibility 
of some factors existing in the media which inhibited the hydrogen 
peroxide cannot be dismissed, but it would seem unlikely, as the media 
used in her experiments was very similar to the one used here.
M.» hyorhinis had a rapid and marked effect on the ciliary movement, and 
caused necrosis of the epithelium. Similar strains, v/hen inoculated 
into pigs at this laboratory, have not produced lesions of pneumonia, 
although a slight interstitial pneumonia has been seen (Roberts, 
personal communication). However, further experiments (see chapter II) 
failed to produce pneumonia with strains Mhr 10/3 and Mhr 8/10 of 
M. hyorhinis when inoculated intranasally into pigs, in order to produce 
antiserum.
It was expected to find that M. hyopneumoniae would readily stop 
the ciliary movement, because M. hyopneumoniae is known to interact with 
viruses to produce a more severe pneumonia (Kasza et al. 1969)* and 
these bacteria-virus interactions have been shown to relate in some 
cases to a ciliary^damaging process by one of the interacting agents 
(Degre, 1971). This v/as not the case, as in the tissue culture 
experiments, M. hyopneumoniae caused no effect, and failed to grow in 
these explants, while M. hyorhinis produced a marked effect. The 
reasons for this latter phenomenon might well relate to hydrogen 
peroxide production,, but if this is the case, then this end-prdcluct has 
little relationship v/ith the actual disease process, as M. hyorhinis is 
much less pathogenic than M. hyopneumoniae.
M. hyopneumoniae-infected cultures survived better than the 
controls, and at first it was thought that this was due to a slowing 
of the tracheal metabolism. However, a similar situation was observed 
by Taylor-Robinson & Cherry (1971) with H, gallinarum. They concluded 
that the reason for this might be due to the secretion of a peroxidase 
by M. gallinarum, which then neutralized the hydrogen peroxide produced 
by the explants themselves. They had previously demonstrated (Cherry 
and Taylor-Robinson, 1970c)» that M. gallinarum-infected tracheas 
inhibited less catalase (and therefore produced less hydrogen peroxide) 
than the uninoculated explants. It cannot be said at this stage, if 
a similar mechanism operates with K. hyopneumoniae.
It was surprising that H. hyosynoviae and A. granularum had a 
greater effect on the tracheas than M. hyopneumoniae, because these 
organisms only occur in the respiratory tract as commensals. However, 
if it is admitted that most of the effect of porcine mycoplasmas on 
tracheal explants is due to the secretion of hydrogen peroxide, and 
does not necessarily correlate with the IN VIVO situation, the action 
of A. granularum can then be explained. This organism, although a 
saprophyte, is known to produce hydrogen peroxide, and would thus be 
expected to cause lesions. These were less marked, and took longer to 
develop, than those seen with H. hyorhinis, most notably, A. granularum 
did not produce any necrosis; but these differences might be a simple 
reflection of the amount of hydrogen peroxide produced.
M. hyosynoviae did not produce any hydrogen peroxide, and caused 
slightly faster decline than that observed both in the.controls and the 
M. hyopneumoniae-infected explants. This organism is an active meta- 
bolizer of arginine, and it is possible that arginine depletion of the 
medium was responsible for the slight damage produced.
From those results, and other studios, thoro soomod to bo 
ovidonco that damage producod to ’tracheas IN VITRO, v/ao considerably 
dopondont on hydrogen peroxide production, and perhaps close contact 
between tho organism and the epithelial cells. Hydrogen peroxide 
secretion might be an important factor in the pathogenesis of some 
mycoplasmas in other animal species, such as M. pneumoniae infections 
in man, M. gallisepticum in poultry and, to some extent, M. pulmonis 
in mice. However, it must be remembered that several important 
diseases due to mycoplasmas are caused by completely different 
mechanisms.
In pigs, hydrogen peroxide production would seem to be an 
unrealistic marker of pathogenicity, as M. hyosynoviae and M. hyo­
pneumoniae, two of the most pathogenic species, do not produce it, while 
A. granularum and A. laidlawii, both probably saprophytes, do.
Because of this, it is concluded that tracheal explants and cell , 
cultures as well as hydrogen peroxide detection, are of little value 
for the study of pathogenicity of porcine mycoplasmas IN VIVO.
However,'a-useful method for the rapid identification of colonies of 
M. hyopneumoniae v/hen mixed in culture with M. hyorhinis or A. granularum 
was found, due to the former’s lack of production of hydrogen peroxide, 
and therefore to its failure to stain red blood cells in the methylene 
blue staining test. The test does not distinguish M. hyopneumoniae 
from M. hyosynoviae but this organism is rarely isolated from the lung, 
being more common in articular surfaces. Even if it v/ere present, 
the fact that M. hyosynoviae is an arginine-metabolizing species, and 
not a glucose-metabolizer, like M. hyopneumoniae or all the other 
common porcine mycoplasmas, readily permits its identification.
General Discussion and Conclusions
Enzootic Pneumonia, caused by M. hyopneumoniae is a disease of 
great economic importance, and it was felt that research on this subject 
should be directed at the disease problem, rather than a study of the 
organisms from a more academic point of view.
The first and foremost difficulty encountered in attempts to 
eradicate this disease, and to maintain the disease-free status of. the 
herd, is the establishment of a prompt and accurate diagnosis in 
individual animals. It was felt that the best approach to diagnosis 
would be either by isolation of the organisms, serological means or by 
a mixture of both.
The isolation of M. hyopneumoniae had always been a difficult 
problem, due to its fastidious growth characteristics and also because
H. hyorhinis (which is nearly always present in the lung), outgrows 
M. hyopneumoniae, masking its presence.
When this work was started, the logical approach seemed to be to 
find methods of separating these two morphologically similar organisms 
after they had grown in a broth culture. A wide range of techniques 
were tried unsuccessfully. M. hyorhinis was more heat-resistant, and 
caused greater damage to tissue cultures and organ explants than 
M. hyopneumoniae. The recognition of M. hyopneumoniae colonies, when 
mixed with M. hyorhinis colonies proved very difficult. Although the 
colonies of these two organisms were quite different and easily separated 
when laboratory adapted strains v/ere used, this was not the case with 
freshly isolated field strains, which produced pinpoint colonies of 
similar appearance. However, in this case, the Methylene-Blue Staining 
test proved useful, since it can differentiate the hydrogen-peroxide- 
negative colonies of M. hyopneumoniae from those of M. hyorhinis, which
are positive to this test.
Two isolation trials were carriod out. In the first only 
standard media were used, while in the other, which proved more 
successful, employed media with added antibiotics, of which kanamycin 
was found to selectively inhibit M. hyorhinis. It is recommended, 
therefore that the latter medium should be used fqr the isolation of 
M. hyopneumoniae.
Considerable difficulty v/as experienced in the characterization 
of M. hyorhinis isolates, because of the failure of the growth-inhibition 
test in typing the so-called serum resistant strains. This problem 
however, was overcome by using either fresh horse serum added to the £ 
solid medium, or employing the paper chromatography test. However, the 
latter test was found to be too laborious for routine characterization 
of isolates, being more useful for the detection of agglutinating anti­
bodies. Unfortunately, it. was found that agglutinating antibodies 
against M. hyopneumoniae in experimentally immunized animals belonged 
entirely to the macroglobulin (IgM) class, and that production of this 
class of antibodies was not stimulated in natural infections. This 
would appear therefore to invalidate the use of any serological test 
based on agglutinating/precipitating phenomena, as a means of diagnosing 
M. hyopneumoniae infections. However, it v/as found that the
fluorescent antibody test used directly on lung smears, together with 
the complement fixation test, would give a high rate of detection of 
M. hyopneumoniae in individual infected animals.
While M. hyorhinis, which grows easily on artificial media, is 
well characterized as the result of extensive investigations, most 
studies of M. hyopneumoniae have been concerned with its pathogenicity 
and serological diagnosis. The present investigations included studies 
of the morphological characteristics of M. hyopneumoniae as well as its
behaviour in tissue pulture and organ explants. An interesting 
finding was that, in spite of the virulence of M. hyopneumoniae IN VIVO,
Most of the infectious agents that are pathogenic in the lung, 
seem to have activity on the ciliary movement or the alveolar macro-
possess the ability to invade the cells of the
ciliary activity, and relatively inert on cells of tissue cultures. The 
action of lung macrophages on this organism is not known. However, 
there is indirect evidence that macrophages will readily phagocytize 
M. hyopneumoniae, because this organism is not seen in the alveoli of 
pneumonic lungs, which suggests its rapid removal from this site by 
alveolar macrophage activity. However, Baskerville (1972), using 
electronmicroscopy, observed phagocytized mycoplasmas inside alveolar 
macrophages, but this was not confirmed by Livingston et al. (1972) who 
did not detect any mycoplasmas in the alveoli or the alveolar macro­
phages. The reason for this discrepancy might lie in the fact that 
Baskerville apparently used M. hyorhinis-M. hyopneumoniae mixtures, 
while Livingston et al. used pure cultures of M. hyopneumoniae.
Another explanation for the production of pneumonic lesions by 
mycoplasmas may be based on a hypersensitivity reaction. Gourlay and 
Shifrine (1966) and Shifrine and Gourlay (1967) demonstrated that 
M. mycoides var. mycoides possesses a galactan which can be shown to 
cross-react serologically with a pneumogalactan found in normal bovine 
lung cells, and also with a variety of similar substances from plants 
and bacteria. On the basis of this finding and on histopathological 
considerations, Provost (1969a) proposed that Contagious Bovine Pleuro­
pneumonia was due to a localized Arthus5* reaction in the lung.
Additional support for this theory was derived from his demonstration
it was inactive in tissue cultures and organ explants.
parenchyma/ However, M. hyopneumoniae was found to be inactive on
that antiserum against M. mycoides, when given at the same time as an 
infective dose of the organisms to a susceptible animal, resulted on 
a shortening of the incubation period, probably due to the rapid forma­
tion of the antigen-antibody complexes that characteristically produce 
an Arthus1 hypersensitive reaction. He also successfully prevented 
the disease by inoculating heparin into artificially infected animals, 
thus preventing the formation of clots which herald the boginning of 
this reaction, and later (1969b) demonstrated that antiserum against 
M. mycoides exerts a powerful cytotoxic activity against bovine lung 
tissue culture.
Howcvor, thoro are considerable differences between these two 
pneumonic conditions. In Contagious Bovine Pleuropneumonia, the 
histopathological lesion is characterized .by polymorphonuclear infiltra­
tion of the lung following the formation of blood clots in the arterioles 
and venules of the affected lobe. Also, the incubation period is of 
about 30-^5 days duration, and clinical signs appear 3-5 days after the 
appearance of high levels of precipitating antibodies in the blood. 
Another important point to consider is that M. mycoides readily gains 
access to the circulatory system from the lung, and it is not easily 
eliminated from the body, due to a partial tolerance by the animal, and 
by the necrotizing effects of M. mycoides on macrophages.
In H. hyopneumoniae pneumonias, the picture is completely 
different. The organisms do not seem to gain access to the circulation, 
precipitating antibodies are not produced, and the histopathologic 
lesions consist of a perivascular and peribronchial infiltration of 
lymphocytes but not polymorphs. Polymorphonuclear cells do appear 
at the very first stages of the disease, but they are rapidly replaced 
by the lymphocytes. This picture is not compatible with an Arthus 
reaction, (Roitt, 1971) and therefore it must be concluded that this is
not the mechanism of pathogenesis in M. hyopneumoniae infections. In 
Enzootic Pneumonia, the histopathological picture is more compatible 
with a cell-mediated hypersensitivity reaction, and this is partially 
supported by Roberts* (1972b) findings, in which a moderate level of 
stimulation of lymphocyte transformation, migration-inhibition factor 
and intradermal delayed-type hypersensitivity response was found in 
pigs inoculated with M. hyopneumoniae, and challenged some weeks later 
with the same organism. However, because of the short incubation 
period (12-15 days), it seems unlikely that cellular immunity strong 
enough to elicit a hypersensitive reaction should occur. However, 
Roberts did find stimulation of lymphocyte transformation as early as 
10 days post-inoculation. It is also difficult to explain why, 
following the introduction of M. hyopneumoniae into a susceptible herd 
considerable mortality occurs, and why are deaths found in baby piglets 
which would normally not be expected to elicit a powerful immune 
response. There can be little doubt that some other factors are 
involved, such as secondary bacterial infections, mechanical obstruction 
of the ciliary movement by the mycoplasma cells, or even the production 
of toxic factors other than hydrogen peroxide.
Autoimmune reactions might be yet another possible mechanism 
since Roberts and Little (I9$0b) were able to demonstrate antilung 
antibodies in field-infected animals. However, the temptation to asign 
the lesions to an autoimmune reaction, must be contrasted against the 
fact that similar antilung antibodies have been found in a number of 
other infectious and non-infectious lung diseases, in which they have 
been considered of little importance (Burrell, 1963).
This topic is highly speculative and in need of much more research, 
The value of the studies in this thesis would seem to lie in elucidation
of the action of M. hyopneumoniae and M« hyorhinis on tissue cultures 
and organ explants, in their more detailed description of those 
organisms and in the development of routine methods which'can bo usod 
for the isolation and serological diagnosis of those two mycoplasmas.
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A total of 66 lungs having characteristic lesions of enzootic pneumonia, with well outlined 
plum-coloured or greyish pneumonic areas in the apical and cardiac lobes of the lung, was 
examined for mycoplasmas using a range of different media. The lungs were obtained from th e . 
local slaughterhouse over a period o f 9 weeks from November to January. Serial dilution and 
subculture at weekly intervals were used to determine whether this would selectively favour 
Mycoplasma hyopneumoniae over M. hyorhinis. Twenty-seven isolates of M. hyorhinis and 2 of 
M. hyopneumoniae were obtained from the lungs. One of the M. hyopneumoniae isolates did 
not cause a pH change in the medium until the fourth broth passage. Other mycoplasma 
species, including T strain mycoplasmas, were not isolated. It was concluded that serial dilution 
up to 10"5 and weekly passage did not improve the isolation rate of M. hyopneumoniae.
Introduction
Porcine diseases caused by mycoplasmas are well documented. Mycoplasma species isolated 
from pigs have been classified into 8 groups or serotypes. M. hyopneumoniae (suipneu­
moniae), M. hyorhinis, M. granularum, M. laidlawii and the B3 strain are glucose fermenters, 
while M. gallinarum, M. iners and M. hyosynoviae are arginine-metabolizing strains. The most 
common species of mycoplasma isolated from pigs in Britain are M. hyorhinis, M. 
hyopneumoniae and M. hyosynoviae.
M. hyopneumoniae when inoculated into pigs will induce a chronic pneumonia often  
referred to as enzootic pneumonia (Mare & Switzer, 1965; Goodwin, Pomeroy & 
Whittlestone, 1965, 1967). M. hyorhinis is a common inhabitant of the nasal cavity and is 
readily isolated from pneumonic lungs and rarely from normal ones (L’Ecuyer, Switzer & 
Roberts, 1961; Schulman, Estola & Garry-Anderson, 1970). M. hyorhinis does not produce 
pneumonia when injected into adult pigs (Mare & Switzer, 1966; L’Ecuyer, Switzer & 
Roberts, 1961) but in certain conditions can produce respiratory lesions in very young pigs 
(Gois, Valicek & Savadina, 1968; Roberts & Little, 1970). M. granularum and 
M. hyosynoviae are also common inhabitants of the nasal cavity o f pigs and can in certain 
circumstances cause arthritis (Switzer, 1964; Ross & Duncan, 1970).
The diagnosis of enzootic pneumonia in pigs leaves much to be desired. The serological 
response to M. hyopneumoniae is relatively poor and not completely reliable; it can be used 
only on a herd basis (Roberts & Little, 1970). At present the isolation of the causative agent, 
M. hyopneumoniae, is an essential prerequisite for an accurate identification of enzootic 
pneumonia. Unfortunately, M. hyopneumoniae is difficult to isolate because of its relatively 
poor growth in artificial jnedia compared with that of other mycoplasmas; M. hyorhinis for 
example usually masks its presence. Goodwin & Pryor (1970), however, were able to 
cultivate M. hyopneumoniae directly on to agar medium from active cases of enzootic 
pneumonia.
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The present report describes attempts to improve isolation techniques for porcine 
mycoplasma and, in particular, for M. hyopneumoniae.
Since this work was completed, papers by Friis (1971) and Yamamoto, Koshimizu & 
Ogata (1971) have suggested the possibility of inhibiting the growth o f M. hyorhinis 
selectively by the combined use of antibiotics and specific M. hyorhinis antiserum.
Materials and Methods
Mycoplasma media ,
Four different media were used in the investigation. All liquid media were dispensed in 
10 ml amounts.
(1) HP medium. The acellular medium described by Goodwin & Whittlestone (1966). 
Yeast extract was prepared by the method of Marshall & Kelsey (1960) and added at 
a concentration of 1%. The medium also contained 0.01% DPN. Solid medium was 
prepared using agarose. All mycoplasmas isolated from pigs can grow in this medium.
(2) E medium. This medium, which has been described previously (Roberts & Pijoan, 
1971), is used for growing. M. hyorhinis andM. hyosynoviae.
(3) H medium (Roberts & Pijoan, 1971). This medium is used for growing primarily 
M. granularum, M. laidlawii, M. iners, M. gallinarum and the B3 strain of 
mycoplasma.
(4) T medium. Difco PPLO broth plus 10% unheated horse serum, 0.1% urea, 0.0025%  
phenol red and penicillin 500 iu/ml: the pH was adjusted to 6.0 and the agar plates 
prepared using Oxoid Ionagar'no. 2. This medium is used for the primary isolation 
and growth of T strain mycoplasma.
Pneumonic lung samples
A total o f 66 lung samples was obtained from the local slaughterhouse over a period of 9 
weeks from November to January. All these had characteristic lesions of enzootic 
pneumonia, with well outlined plum-coloured or greyish pneumonic areas in the apical and 
cardiac lobes of the lung. At the junction of normal and diseased lung 1 cm3 of lung, 
including both diseased and normal lung tissue, was removed aseptically, placed in a tube 
containing HP broth and left overnight at room temperature.
Culture m ethods
The HP broth containing the lung segment was then ground for 2 min using an MSE 
homogenizer. Lung suspensions were then diluted in serial 10-fold steps, from 10“1 to 10~5 
in HP broth. One ml of the undiluted lung suspension was also inoculated into T broth. The 
broths were incubated at 37°C for 15 days.
Growth of T strain mycoplasma would be indicated by colour change in the T broth. 
Growth of mycoplasma in HP broth would be indicated by turbidity and/or colour change. 
The broths were examined daily, and the highest dilution showing colour change or turbidity 
was subcultured into E and H broths and on to E agar: this was done to establish the 
presence of mycoplasma species other than M. hyopneumoniae and T strain mycoplasma. All 
10-4 and 10“5 dilutions were subcultured into HP broth at weekly intervals whether or not 
colour changes had occurred. The E and H broths were incubated until turbidity occurred 
and were then subcultured on to E agar plates. The agar plates were incubated at 37 C in a 
candle jar.
The E agar plates were examined after 3 -4  days incubation. If mycoplasma colonies were 
seen, cloning was carried out by single colony transfer using E broth. The corresponding HP 
broth was passaged at least 5 times at weekly intervals, at the same time the HP broths were
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cultured on to E agar, and if well defined mycoplasma colonies still appeared on the agar 
after the fifth subculture, the HP broths were discarded. M. hyopneumoniae grows very 
poorly on E agar compared with the other mycoplasmas isolated from pigs.
If the colour change occurred in the HP broth and there were no mycoplasma colonies 
after subculture on E agar, the HP broth was then cultured on to HP agar. The HP agar plates 
were examined at regular intervals and incubated for 15 days. Growth on HP agar and an 
absence of growth on E agar indicated the presence of M. hyopneumoniae.
Serological m ethods
Hyperimmune sera were prepared in rabbits against the 8 procine mycoplasma groups. 
The origin of the strains and the method used have been described previously (Roberts & 
Pijoan, 1971).
The cloned cultures of the mycoplasma isolates were identified using the disk growth 
inhibition technique (Hayflick & Stanbridge, 1967), as modified by Roberts & Pijoan 
(1971), and the metabolic inhibition test (Taylor-Robinson e t a l,  1966).
Results
A total of 27 isolates of M. hyorhinis and 2 isolates of M. hyopneumoniae were recovered 
from the pneumonic lungs. Table 1 shows the distribution of the M. hyorhinis isolates over 
the 9 week period. As only 2 lungs were examined on the ninth week, sections of lung from 
non-diseased areas were also examined for mycoplasma and 5 isolates o f M. hyorhinis were 
recovered. Growth occurred at the highest dilution in all cases.
TABLE 1
Recovery o f  M. hyorhinis
Week No. of 
lungs
Isolates
1 8 7
2 8 7
3 8 1
4 8 0
5 8 1
6 8 2
7 8 3
8 8 1
9 2 5
Total 66 27
M. hyopneumoniae was isolated on two occasions only. The first isolate, which was made 
in the fourth week, was a readily acidifying agent and it was recovered from the 10-s  broth 
dilution. The other M. hyopneumoniae isolate was recovered on the eighth week. The HP 
broth had been subjected to 4 blind passages at weekly intervals and pH change occurred 
only after the fourth blind passage. M. hyorhinis was not isolated from either lung.
M. hyosynoviae, M. granularum, M. laidlawii, M. gallinarum, M. iners and T strain 
mycoplasma were not isolated.
Discussion
The isolation of certain pathogenic mycoplasmas from post mortem material has often 
proved very difficult. M. hyopneumoniae does not appear to be an exception to this rule.
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The experiments recorded here were designed to test the preconceived hypothesis that M. 
hyopneumoniae would exist in greater number in pneumonic lungs tHanM. hyorhinis, as M. 
hyopneumoniae is more pathogenic than M. hyorhinis. For this reason, the lung suspension 
was diluted in serial ten-fold steps in liquid medium. The highest dilution showing colour 
change or turbidity was then cultured for mycoplasma. The HP broth cultures were 
subcultured at weekly intervals irrespective of colour change and turbidity. Another reason 
for using the dilution method was the demonstration by Kaklamanis et al. (1969) of the 
presence in extracts of normal tissues of a mycoplasmacidal factor which kills the organism 
by lysis. These workers studied experimental infection with various mycoplasmas and found 
that concentrated homogenates of infected animal tissues sometimes yielded negative 
cultures, while higher dilutions of the same homogenates were positive. As it was thought 
that M. hyorhinis in HP broth culture would die after 4 -5  days incubation at 37°C the HP 
broth cultures were subcultured at weekly intervals. Preliminary observations had suggested 
that HP broth containing pig serum obtained from the local slaughterhouse was inhibitory 
for the growth of M. hyorhinis, which did not survive after the third and fourth passage.
Despite these measures, M. hyorhinis was frequently isolated while M. hyopneumoniae 
was isolated on only two occasions. The isolation rate dropped sharply after the second 
week (see Table 1) and it is suspected that there was a defect in later batches of the medium.
Goodwin & Pryor (1970) claimed that M. hyopneumoniae might be regularly cultivated 
directly on to solid medium from active cases of enzootic pneumonia. They investigated 
three field cases of enzootic pneumonia and after 6 to 8 days pin-point colonies of 
M. hyopneumoniae type appeared. When lung suspensions from enzootic pneumonia cases 
were plated directly on to HP agar in the investigation recorded here pin-point colonies were 
often seen on the primary isolation, and on subculture these pin-point colonies were 
identified asM. hyorhinis.
The difficulties experienced in isolating M. hyopneumoniae from field cases may be 
similar to those encountered in the isolation of M. gallisepticum  from infected chickens. 
Firstly, M. gallisepticum  is frequently overgrown by M. gallinarum and secondly it is often 
impossible to isolate M. gallisepticum  from serologically positive field cases of chronic 
respiratory disease. For example, after experimental infection with M. gallisepticum, it was 
readily re-isolated from the respiratory tract up to 5 weeks after infection, but after this 
period isolation occurred rarely and at sporadic intervals (Roberts, Olesiuk & van Roekel, 
1967). However, following experimental infection of pigs with M. hyopneumoniae the 
organism could be isolated quite readily from the lungs up to 10 weeks after infection. No 
attempt was made to isolate M. hyopneumoniae after this period . (Roberts, 1971, 
unpublished work).
It is possible that the tendency of the high-speed homogenizer to generate heat may have 
caused loss o f viability of mycoplasmas with a consequent reduction in the isolation rate. 
Another possibility is that the leaving of the pieces of lung overnight in broth may have 
caused loss of viability due to toxic products, before the dilution designed to obviate this 
effect was performed.
One of the 2 M. hyopneumoniae isolates caused pH change in the HP broth on primary 
isolation, while the other isolate did not cause a pH change until the fourth passage. From 
this observation it would seem important to passage broth cultures at weekly intervals, 
regardless o f colour change in the medium.
In the HP broth used in this experiment M. hyorhinis survived readily for 1 week; 
therefore weekly subculture did not favour M. hyopneumoniae. M. hyorhinis grew at the 
highest dilution used, i.e. 10-5 so that again the isolation of M. hyopneumoniae was not 
favoured. It remains possible that higher dilutions could achieve this object.
We thank Dr T. W. A. Little for his help and advice.
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ST R A IN S BY M EA N S O F A SIM PL E  PA PER  
C H R O M A T O G R A P H Y  T E ST
By
C. P i j o a n  and D. H. R o b e r t s
Central Veterinary Laboratory, Ministry of Agriculture, Weybridge, Surrey 
IN T R O D U C T IO N
Mycoplasma isolated from pigs have been classified into 7 groups or serotypes 
(Dinter, Danielsson and Bakos, 1965; Goodwin, Pomeroy and Whittlestone, 
1967; Taylor-Robinson and Dinter, 1968). These groups include glucose fer- 
menters and arginine-metabolising strains of mycoplasma. M. hyopneumoniae 
(suipneumoniae), M. hyorhinis, M. granularum, M. laidlawii (B4) and the B3 
strain are glucose fermenters while M. gallinarum (B2) and M. iners (B6) are 
arginine-metabolising strains.
Roberts and Gois (1970) reported the isolation from the respiratory tract of myco­
plasma which were arginine-metabolising and antigenically distinct from the other 7 
serotypes; these mycoplasma are represented in this study by the P45 strain. Using 
the disk growth inhibition test (Clyde, 1964), the P45 strain has been found anti­
genically similar to M. hyosynoviae (Ross and Karmon, 1970) and M. suidaniae (Friis, 
1970).
The different porcine mycoplasma strains can be identified by the metabolic inhibi­
tion (MI) test (Purcell, Taylor-Robinson, Wong and Chanock, 1966; Taylor-Robinson, 
Purcell, Wong and Shanock, 1966). Although the disk growth inhibition test has proved 
satisfactory for the identification of the majority of porcine mycoplasma strains, it 
has proved to be unsatisfactory for the identification of M. hyorhinis (Dinter et al., 
1965; Dinter and Taylor-Robinson, 1969). The MI test is satisfactory for the identi­
fication of mycoplasma, but it requires daily and often hourly observation and it 
is often 3 to 5 days before a result is obtained. It was decided, therefore, to investi­
gate other tests that could be used for typing porcine mycoplasma. Paper chromato­
graphy has been used to demonstrate antigen-antibody reactions by Castaneda (1950) 
using Brucella antigens and by Spalding and Metcalf (1954) using Brucella, Pasteurella 
and Salmonella organisms. Seeliger, Finger and Klutsch (1969) and Boughton 
(personal communication) have used the test for the serological diagnosis of Listeria 
monocytogenes infections.
The present study describes the use of paper chromatography in the typing of 
various porcine mycoplasma serotypes with particular reference to M. hyorhinis.
MATERIALS AND M E T H O D S
Mycoplasma strains. M. hyorhinis strain 7, M. granularum strain 39 and M. hyo­
pneumoniae strain 11 were obtained from Dr. W. P. Switzer, Iowa State University, 
U.S.A. The GDL strain of M. hyorhinis was obtained from Dr. Taylor-Robinson, 
Salisbury. The B2, B3, B4, B6 strains and the F strain of M. hyorhinis came from 
Dr. Dinter, Uppsala, Sweden. The P45 strain has been described above. Twelve 
other strains of M. hyorhinis, freshly isolated from pig lungs at the Central Veterinary 
Laboratory and designated GS2/1 to GS2/12 were also used in this study. They were
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typed using the MI test. Four of these strains were serum sensitive. The remaining 
8 which were regarded as serum resistant (Dinter and Taylor-Robinson, 1969), could 
not be typed with the disk growth inhibition test.
Mycoplasma media. (1) Difco PPLO broth plus 20 per cent, unheated horse serum, 
.dextrose 0*1 per cent, and yeast extract 10 per cent, prepared by the method of Marshall 
and Kelsey (I960). Penicillin G (500 i.u./ml.) was added and the pH adjusted to 7*6. 
Agar plates were prepared with ionagar (Oxoid). This medium was primarily used 
for growing M. hyorhinis, M. hyopneumoniae and the P45 strain.
(2) Difco PPLO broth plus inactivated horse serum 10 per cent., yeast autolysate 
(Albimi) 1 per cent, dextrose 0-1 per cent., penicillin G (1,000 i.u./ml.) with the pH 
adjusted to 7*8. Agar plates were prepared with ionagar (Oxoid). This medium was 
used for growing M. granularum, B2, B3, B4 and B6 strains.
Antiserum production. Specific antisera were prepared in rabbits against the myco­
plasma strains, using the method described by Roberts (1968). All sera were Seitz 
filtered and stored at — 20°C.
Preparation of the stained antigens. (1) The stained antigen was prepared by 
inoculating 10 ml. of a rapidly growing culture of mycoplasma into 500 ml. of broth, 
incubating at 37°G. and when sufficiently grown, as judged by turbidity, centrifuging 
at 12,000 G. The culture sediment was resuspended in physiological saline. The cells 
were washed 3 times and then finally resuspended in physiological saline to give a 
20 per cent, packed cell concentration. To each 5 ml. of this cell suspension was added
1 ml. of a 1 per cent, aqueous solution of toludine blue and the mixture left at room 
temperature for 18 hours. The cell suspension was then centrifuged and washed twice 
in phosphate buffered saline (PBS), pH 7*2 and finally resuspended as a 33 per cent, 
cell suspension in equal parts of PBS and inactivated normal rabbit serum. Stained 
antigens were prepared by this method with the following mycoplasma strains: M. 
hyopneumoniae, M. granularum, B2, B3, B4, B6 and the P45 strains. Antigens were 
also prepared from the GDL strain of M. hyorhinis and from a serum resistant (GS2/4) 
and a serum sensitive (GS2/3) strain of M. hyorhinis.
(2) Small quantities of stained antigens were also prepared by adding 1 ml. of the 
toluidine blue to 11 ml. of a mycoplasma broth culture. The mixture was left at 
room temperature for 2 hours, diluted to 40 ml with PBS, centrifuged and resuspended 
as a 33 per cent, cell suspension in equal parts of PBS and inactivated normal rabbit 
serum. Antigens were prepared by this method from all the freshly isolated serum 
resistant and serum sensitive strains of M. hyorhinis.
Paper chromatography test. Rectangular strips, 9 X 15 cm. of filter paper 
(Whatman’ No. 54) were prepared. With a wire loop with an internal diameter of
2 mm., the stained antigen was spotted on the filter paper about 2 cm. from the 
bottom edge. The serum to be examined was then spotted on top of the stained 
antigen. Four such spots were made on each paper. The filter paper was then stood 
in a Kilner jar (045 kg.) containing PBS to a depth of about 1 cm .: the spot on 
the filter paper was approximately 1 cm. away from the PBS. The filter paper was 
allowed to remain in contact with the PBS until the solvent had reached a measured 
distance of 5 cm. from the original spot. The paper chromatogram was removed, 
air dried and the results recorded.
R E S U L T S
By using this filter paper chromatographic technique, specific reactions between 
mycoplasma antigen and rabbit antiserum were observed. When known stained 
antigens were tested with their specific rabbit antiserum, antigen-antibody reac­
tions occurred. This was indicated by the failure of the bound antigen to move 
upwards with the ascending PBS. When the stained antigen was used by itself, 
or in the presence of normal serum or heterologous antiserum, this stained antigen
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ascended the filter paper. The 8 porcine mycoplasma groups were antigenically 
distinct by this method and were in agreement with the M I test.
When the serum resistant strain (GS2/4) and serum sensitive strain (GS2/3) 
of M. hyorhinis were compared, they were very similar. Both reacted with rabbit 
antiserum prepared against the F and 7 strains of M. hyorhinis and did not react 
with any of the heterologous antiserum. The results were in agreement with the 
MI test. Results indicating the specificity of the test are shown in Fig. 1 with 
the GS2/3 strain of M. hyorhinis; the GS2/2 antigen reacted with M. hyorhinis 
antiserum, but not with normal or heterologous antisera.
A certain amount of difficulty was encountered in the preparation of the M. 
granularum stained antigen. The antigen which had been spotted by itself would 
not ascend the filter paper when placed in PBS. This difficulty was overcome by 
further washing the stained antigen in PBS; subsequently the antigen reacted 
like the others, since it did not ascend in the presence of specific antiserum, but 
did so in the presence of normal or heterologous antiserum.
When small quantities of antigen were prepared by method 2, satisfactory 
results were generally obtained. Unfortunately the concentration of cells was 
difficult to regulate and sometimes the antigen suspensions were too dilute and 
the ascending bands were sometimes difficult to detect. It did, however, prove 
a useful method for the rapid identification of M. hyorhinis cultures.
D IS C U S S IO N
The phenomenon whereby stained antigen in the presence of immune serum 
resisted the washing effect of PBS and called “surface fixation” by Castaneda 
(1950), did occur in the presence of normal or heterologous immune serum. This 
method differentiates the porcine mycoplasma groups or serotypes.
The fixation of the antigen was rapid and each test was performed within a 
few minutes. The specificity of the test was very satisfactory when compared 
with the MI test and the reading gives a reasonably clear positive or negative 
result. In this respect it was far more satisfactory than the MI test. The latter 
is used to compare the inhibitory effect of serum on the growth of mycoplasma 
in liquid medium and, even with homologous antiserum, inhibition is invariably 
never complete.
The simplicity of the paper chromatogram method suggests the possibility of 
a practical application. It could be used for the serological diagnosis of myco­
plasma infections in animals.
SU M M A R Y
Filter paper chromatography was used for the differentiation of the porcine 
mycoplasma. The test was sensitive and specific for the identification of the porcine 
mycoplasma serotypes and the results were in agreement with the metabolic 
inhibition test. It is a useful test for the identification of Mycoplasma hyorhinis.
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Fig. 1. The reaction of M. hyorhinis strain GS2/3 to different antisera. Antisera: hr 7 =  Strain 7 of 
A I. hyorhinis; hr F =  F strain of M. hyorhinis; hp =  M. hyopneumoniae-, Mgr =  Al. granularum-, 
c =  rabbit serum control. Other symbols as designated in text.
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The Effect of Porcine Mycoplasmas on Pig Tracheal Organ Cultures
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Su m m a r y . Tracheal organ cultures were made from 2-3 week old pigs. Tracheal rings 
were used to assess the pathogenicity of Mycoplasma hyopneumoniae, M . hyorhinis,
M . granularum and M . hyosynoviae. Both serum-resistant and serum-sensitive strains of 
M . hyorhinis had a marked effect on ciliary activity and caused necrosis of the epithelium. 
Mycoplasma granularum and M . hyosynoviae caused cessation of ciliary movement, but to 
a less extent, and necrosis did not occur. With M . hyopneumoniae, the infected organ 
cultures survived longer than the control cultures.
T h e  p a th o g e n e s is  of mycoplasma infection has been studied by means of organ 
cultures (Butler, 1969). Mycoplasma pneumoniae was found to produce pneumonia 
in hamsters and, when grown in hamster tracheal organ culture, produced tissue 
injury also (Collier, Clyde & Denny, 1969). Virulent M. pneumonia produced tissue 
damage more effectively than did an attenuated strain. Cherry & Taylor-Robinson 
(1970a, b), who studied the effect of 24 mycoplasma strains on chick embryo tracheal 
organ culture, found that M. gallisepticum and M. mycoides var capri inhibited ciliary 
activity.
It was decided to investigate the use of porcine tracheas in organ culture as an aid 
to assessing pathogenicity of M. hyorhinis, M. hyopneumoniae, M. granularum and 
M. hyosynoviae, the more common porcine mycoplasma species isolated from the por­
cine respiratory tract in this country.
Materials and Methods
Mycoplasma strains
The following strains were used: 39, M. granularum, from Dr W. P. Switzer, Iowa 
State University, U.S.A.; P45,M. hyosynoviae (Roberts & Gois, 1970), antigenically 
similar to M. hyosynoviae (Ross & Karmon, 1970); EP29, M. hyopneumoniae, from 
Dr C. L. L’Ecuyer, Hull, Quebec; 6238 and GS9/1, M. hyopneumoniae, isolated from 
pig lungs at the Central Veterinary Laboratory; the serum resistant strain GS3/4 and the 
serum sensitive strain GS10/4, M. hyorhinis, both isolated at the Central Veterinary 
Laboratory from pig lungs.
Media
H  medium. This was Difco PPLO broth plus inactivated horse serum, 10%; yeast 
autolysate (Albimi), 1*0%; dextrose, 0*1%; benzylpenicillin, lOOOI.U./ml; pH, 7*8. 
Agar plates were prepared by adding 1% of Ionagar (Oxoid). This medium was used 
for growing M. granularum.
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E medium. This was Difco PPLO broth plus unheated horse serum, 20%; dextrose, 
0*1%; yeast extract, 10%; prepared by the method of Marshall & Kelsey (1960). 
Benzylpenicillin, 500 I.U./ml, was added and the pH value adjusted to 7*6. Agar 
plates were prepared as in H medium. This medium was used for growing M . hyorhinis 
and M . hyosynoviae.
Acellular medium. The medium described by Goodwin & Whittlestone (1966) 
was used for growing M. hyopneumoniae strains.
Organ cultures
Two-three week old pigs from a herd derived by Caesarian section and maintained 
free of mycoplasmas were killed. The trachea of each animal was exposed, removed 
under aseptic conditions, placed immediately in Hank’s balanced salt solution 
containing 10001.U./ml of benzylpenicillin; lactalbumin, 0-5%; yeast extract, 0-01%; 
NaHCOg, 0-035%; and incubated at 37° for 3 h. Excess of tissue was removed and 
1 mm transverse sections (rings) were prepared, each trachea yielding 18-20 rings. 
These were placed in fresh Hank’s balanced salt solution and the container shaken 
vigorously to release the mucus trapped inside the rings. They were then placed in 
15 x 150 mm tissue culture tubes to which was added 2 ml of Eagle’s essential medium 
(Wellcome) containing 1000 I.U./ml of benzylpenicillin and 0-21% of NaHC03.
The organ cultures were infected by adding 106-108 cells of the appropriate Myco­
plasma. An equivalent amount of sterile broth was added to each control culture. 
The tubes were incubated aerobically in a horizontal position at 37°. The cultures 
were examined daily and ciliary movement assessed with a dissecting microscope by 
transmitted light. The medium was changed every 4 days. The numbers of viable 
mycoplasma cells were estimated for M . hyopneumoniae by dilution counts and for 
the other Mycoplasma spp. by colony counts (Meynell & Meynell, 1965).
Histopathology
Tracheal rings were removed at regular intervals, fixed in 10% buffered neutral 
formalin, embedded in paraffin and sections 5-7 pm  thick were cut and stained with 
haematoxylin and eosin.
Results
The 4 porcine Mycoplasma spp. in tracheal cultures were observed for ciliary activity 
for 15 days after inoculation. After this period there was a marked reduction in ciliary 
activity of the control cultures (Fig. 1). The titres of the cultures of M. hyorhinis, 
M. granularum and M. hyosynoviae were approximately the same. There was a 
marked reduction in titre of M. hyopneumoniae over 5 days; after which period it 
remained relatively constant at levels of KB-IO2 organisms/ml. Mycoplasma 
hyopneumoniae would not survive in the medium at 37° without tracheal rings.
The effect of porcine myocoplasmas on ciliary activity is summarized in Fig. 2. 
Mycoplasma hyorhinis appeared to be the most inhibitory. The activity in all cultures 
ceased within 6 days in the presence of GS10/4, the serum sensitive strain of M. 
hyorhinis, on the 2 occasions tested, and within 11 days on 3 occasions and within 
9 days on one occasion in the presence of the GS3/4 serum resistant strain.
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F i g .  2. Effect of porcine mycoplasmas on ciliary activity. + ,  M . hyorhinis, strain GS10/4; 
x, M . hyorhinis, strain GS3/4; □ ,  M . granularum, strain 39; M . hyosynoviae, 
strain P45; A> M . hyopneumoniae, strain EP29; 3 ,  M . hyopneumoniae, strain 6238;
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Mycoplasma granularum also inhibited ciliary movement quite markedly. In one 
experiment ciliary activity ceased in 82% and 66% of the cultures by the 13th 
postinoculation day in 2 experiments.
Two experiments were conducted with M . hyosynoviae. In one, ciliary activity 
ceased in 66% of the cultures by the 13th postinoculation day; in the other it ceased 
in 57% of the cultures.
Two or three experiments were conducted with each strain of M . hyopneumoniae. 
The infected organ cultures often survived longer and with greater ciliary activity
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than did the control cultures. The number of organ cultures affected by the 6238 
strain was 30-33%; by the EP29 strain 33-64%, and by the GS9/1 strain only 10%.
The survival of the uninoculated, control organ cultures was 22-64%. The figures 
were based on 6 experiments with a mean of 37% mortality 15 days postinoculation.
Both the serum sensitive and serum resistant strains of M . hyorhinis had marked 
effects on the tracheal cultures, causing complete loss of cilia, with extensive necrosis 
of the epithelium and with patches of very flattened epithelium [Plate 1 (6)]. With 
M . granularum there was no necrosis but there was flattening of the epithelium in 
some areas, swelling of epithelium cells in other areas and loss of cilia in places. 
There was little difference between the cultures infected with M . hyosynoviae and the 
control cultures, both groups showing flattening of epithelium and loss of cilia in 
places. With M . hyopneumoniae the epithelium was thicker in places than in the 
control cultures and also had more cilia. With M . hyopneumoniae, also, some epithelial 
cells seemed to be piled up with the appearance of budding. In the control cultures 
the epithelium was more flattened and the budding process was less obvious. Changes 
associated with M . hyopneumoniae [Plate 1 (c)], show a thickening of the epithelium 
compared with the control culture [Plate 1 (a)].
Discussion
Mycoplasma hyopneumoniae is the only agent so far isolated that will produce a 
condition resembling that known as porcine enzootic pneumonia when inoculated into 
pigs, but it is rarely isolated from affected lungs from field cases, probably because of 
competition in media from the faster growing M . hyorhinis. By using organ cultures 
it was hoped to be able to discriminate between M . hyorhinis and M . hyopneumoniae. 
This was achieved but, unexpectedly, M . hyorhinis was found to be far more patho­
genic for organ cultures than was M . hyopneumoniae. Mycoplasma hyopneumoniae 
had very little effect on the organ cultures so that this method could not be used to 
detect M . hyopneumoniae in mixed cultures. The results indicate that the cultures 
infected with M . hyopneumoniae survived longer than did the control cultures, 
possibly because the metabolism of the organ cultures had been slowed by M . hyo­
pneumoniae, thus enabling them to survive longer.
It was surprising to find that M . hyorhinis, M . granularum and M . hyosynoviae had 
a greater effect on ciliary activity than had M . hyopneumoniae because M . granularum 
and M . hyosynoviae occur in the respiratory tract as commensals and although under 
certain circumstances they can cause arthritis (Switzer, 1964; Ross & Duncan, 1970), 
the part, if any, they play in the respiratory disease complex is unknown. Mycoplasma 
hyorhinis had a rapid and marked effect on ciliary movement and caused necrosis of 
the epithelium. Similar strains, when inoculated into pigs at this laboratory, have not 
produced macroscopic lesions of pneumonia, though slight interstitial pneumonitis 
has been detected. Other workers, however (Gois, Yalicek & Sovadina, 1968) claim 
that it causes pneumonia in pigs, and furthermore, that M . hyorhinis can be isolated 
from c. 50% of the lungs of pigs showing lesions of pneumonia at postmortem com­
pared with 6% from normal lungs (L’Ecuyer, Switzer & Roberts, 1961). Viruses are 
very rarely isolated from pneumonic conditions in pigs. In fact relatively little is 
known of the nature of viral agents which are specifically respiratory pathogens for
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Plate 1. Pig tracheal organ cultures, transverse sections, stained haematoxylin and 
eosin. (a) Normal trachea, x 430 • 5; (b) Trachea infected with M . hyorhinis. x280; 
(c) Trachea infected with M . hyopneumoniae. x 430 • 5.
Bact. f. p. 364.
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these animals or what their respective morbidity and relative importance may be 
(Darbyshire & Roberts, 1968). Because of this, the role of M. hyorhinis cannot at this 
stage be ignored; it may not cause respiratory disease by itself, but because of its 
ciliary inhibitory effect it may, in combination with other agents such as M. hyo­
pneumoniae, Bordetella spp., Pasteurella spp. and Haemophilus spp., cause a disease or 
initiate the disease process.
The authors wish to thank Mr R. Sayer of the Photographic Section and Mr M. J. 
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IDENTIFICATION O F  M Y C O P L A S M A  H Y O R H I N I S  
B y D . H . R o b e r t s  a n d  C. P i j o a n
Central Veterinary Laboratory, Weybridge, Surrey 
SU M M A R Y
When fresh unheated horse serum was used in mycoplasma agar medium, it 
was possible to type both laboratory and freshly isolated strains of Mycoplasma 
hyorhinis using the disk growth inhibition test. Fifteen freshly isolated strains of 
M . hyorhinis, consisting of ten serum resistant and five serum sensitive strains, 
could be typed using this method. When commercial unheated horse serum was 
used in the agar medium only six of the 15 strains could be typed using the disk 
growth inhibition test. The combination of fresh horse serum in the agar 
medium and M . hyorhinis antiserum-impregnated disks appeared to have a 
synergistic effect and inhibited the growth of all M . hyorhinis cultures on agar 
medium.
IN T R O D U C T IO N
Mycoplasma species of porcine origin have been classified into seven groups 
or serotypes (Dinter, Danielsson & Bakos, 1965; Goodwin, Pomeroy & 
Whittlestone, 1967; Taylor-Robinson & Dinter, 1968). These groups include 
glucose fermenters and arginine-metabolizing strains of mycoplasma. M . 
hyopneumoniae (suipneumoniae), M . hyorhinis, M . granularum, M . laidlawii (B4 ) 
and the B3 strain are glucose fermenters while M . gallinarum (B2) and M . iners 
(B6) are arginine-metabolising strains. Roberts & Gois (1970) reported the 
isolation from the porcine respiratory tract of mycoplasma which were arginine- 
metabolizing and antigenically distinct from the other seven serotypes; these 
mycoplasma are represented in this study by the P45 strain. The P45 strain 
has been found to be antigenically similar to M . hyosynoviae (Ross & Karmon, 
1970) and M . suidaniae (Friis, 1970).
The disk growth inhibition test (Clyde, 1964) has proved to be unsatisfactory 
for the identification of M . hyorhinis (Dinter et al., 1965; Dinter & Taylor- 
Robinson, 1969). M . hyorhinis strains, grown on solid medium and in the 
presence of specific antiserum, were subdivided into antiserum resistant and 
antiserum sensitive strains, depending on whether or not growth occurred 
(Dinter & Taylor-Robinson 1969). These workers suggested that the difference 
between sensitive and resistant strains are due to changes in the composition of 
the mycoplasma membranes.
The metabolic inhibition (MI) test (Taylor-Robinson, Purcell, Wong and 
Chanock, 1966) is a satisfactory test for the serological identification of M . 
hyorhinis. The test, however, requires daily and often hourly observation and 
it is often 3-5 days before a result is obtained. In the MI test the inhibitory 
effect of serum on the growth of mycoplasma in liquid medium is being
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compared, and even with homologous antiserum, inhibition invariably is 
never complete.
The effect of fresh animal serum on the disk growth inhibition test was 
investigated by Roberts (1971) with particular reference to the porcine myco­
plasma strains. When fresh animal serum was dropped onto seeded myco­
plasma agar plates, inhibition of growth frequently occurred. This effect was 
dependent on the mycoplasma serotype and on the animal species from which 
the fresh serum came. This activity of fresh animal serum was heat labile and 
would not diffuse through the agar medium, M . hyorhinis strains were found 
to be insensitive to fresh horse serum. The addition of fresh horse serum to 
specific M . hyorhinis rabbit antiserum-impregnated disks appeared to have a 
synergistic effect and the combination of M . hyorhinis antiserum-impregnated 
disks and fresh horse serum always inhibited the growth of M . hyorhinis strains.
It was decided to compare the effect of fresh horse serum with commercially 
available unheated horse serum in mycoplasma agar medium, when used in 
the disk growth inhibition test. The differentiation of M . hyorhinis from the 
other porcine mycoplasma groups was studied in particular.
M A T E R IA L S A N D  M ETH O D S
Mycoplasma strains
M . hyorhinis strain 7, M . granularum strain 39 and M . hyopneumoniae strain 11 
were obtained from Dr W. P. Switzer, Iowa State University, USA. The B2, 
B3, B4 , B6 strains and the F strain of M . hyorhinis were obtained from Dr. Z. 
Dinter, Uppsala, Sweden. The P45 strain has been described above.
Fifteen other strains of M . hyorhinis newly isolated from pig lungs at the 
Central Veterinary Laboratory were also used in this study. These strains were 
typed using the MI test.
Mycoplasma media
H  medium. Difco PPLO broth plus inactivated horse serum (Wellcome * 
No 5) 10 per cent, yeast autolysate (Albimi) 1 per cent, dextrose o-i per cent, 
penicillin G(iooo i.u./ml) and the pH adjusted to 7*8 . This broth was used for 
growing M . granularum, B2, B3, B4 and B6 strains.
E  medium. Difco PPLO broth plus 20 per cent unheated horse serum (Well­
come No. 3), dextrose o-i per cent, and 10 per cent yeast extract prepared by 
the method of Marshall and Kelsey ( i960). Penicillin G(500 i.u./ml) was 
added and the pH adjusted to 7-6 . This broth was used for growing M . hyorhinis, 
P45 strain and M . hyopneumoniae. Agar plates were prepared using ionagar 
(Oxoid) at a concentration of 1 per cent.
R  medium. Agar plates were prepared by substituting the unheated horse 
serum (Wellcome No. 3) with fresh unheated horse serum in the E medium. 
The unheated horse serum was prepared as follows. The horse was bled and 
to each three litres of whole blood was added 30 ml of 10 per cent potassium 
oxalate. The mixture was left at room temperature overnight. The plasma was
* Burroughs Wellcome and Company Ltd.
PLATE 1
^ .g e O -£
c I•s -S' jCi
£ C c e ^<f> •- .5 «
"" ?* «s £b ^
bp
fan
c 2
O
Roberts and Pijoan, Br. vet. J .  (1971), 127, 12
BRITISH VETERINARY JOURNAL, 127, 12 584
then, removed and to each litre was added 30 ml of 4  per cent calcium chloride; 
the mixture was then agitated vigorously until the fibrin separated out. The 
serum was then removed, left overnight at room temperature, centrifuged, 
then filtered by Seitz filtration and stored at — 20°c.
Antiserum production
Specific antisera were prepared in rabbits against the mycoplasma strains 
by the method described by Roberts (1968). All sera were Seitz filtered and 
stored at — 20°c. •
Disk growth inhibition test
The disk growth inhibition technique was that of Hayflick & Stanbridge 
(1967). The dried antiserum-impregnated disks were stored at — io°c. Agar 
plates using E and R media were used. The agar plates were prepared and both 
types were seeded with the mycoplasma broth cultures. Antiserum-impregnated 
disks specifically prepared against the mycoplasma strains mentioned above 
were placed on the agar.
R E SU L T S
When M . granularum, M . gallinarum (B2), M . iners (B6), M . hyosynoviae (P45) 
and the B3 strain were seeded onto agar plates and antiserum-impregnated 
disks were placed on the agar, inhibition of growth occurred with homologous 
antiserum but not with heterologous antiserum. These findings were similar 
with both E and R media. M . laidlawii (B4) did not grow on R agar plates, 
but did grow on E agar plates and inhibition of growth occurred with homo­
logous antiserum. M . hyopneumonia did not grow well enough on the R or E agar 
plates for growth inhibition to be observed, although it did grow in broth 
in broth made out of E medium.
The disk growth inhibition tests with M . hyorhinis strains 7 and F using R  
and E media are shown in Table I. R. media could be used for typing both 7 
and F strains of M . hyorhinis, using either strain 7 or strain F antiserum disks. 
With E medium strain F was inhibited by F and 7 antiserum disks, whereas 
strain 7 was inhibited only by 7 antiserum disks. Strain F was regarded as 
being serum sensitive. A precipitation ring occurred in the E agar medium 
only when the F strain interacted with its homologous F antiserum-impregnated 
disk. This was not observed on R medium.
DISK  G R O W T H  IN H IB IT IO N  TESTS
T A B L E  I
w i t h  M. hyorhinis s t r a i n s 7  A N D  F  U S IN G  M E D IA  E  A N D  R
Zones of inhibition (mm) with rabbit antisera
strain E medium
F 7
R medium 
F 7
F
7
>  3(P) 1-2 
0 >  1
> 3  > 3  
> 3  > 3
P =  Precipitation rings were noted
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Growth inhibition occurred with all the 15 freshly isolated strains of M . 
hyorhinis when grown on R medium with M . hyorhinis strain 7 and F antiserum- 
impregnated disks. Heterologous antiserum did not produce any inhibition of 
growth. When the 15 strains were grown on E medium, inhibition of growth 
occurred with five strains in the presence of 7 and F antiserum disks. Two 
more strains were inhibited by strain 7 antiserum disks. The five strains were 
regarded as serum sensitive and the other ten strains as serum resistant. Two 
of the serum sensitive strains grown on E agar medium produced precipitation 
rings when they reacted with F antiserum-impregnated disks; again this 
reaction was not observed on R medium agar. Using E medium in the disk 
growth inhibition test, it was not possible to type eight out of the 15 M . hyorhinis 
freshly isolated strains, whereas with R medium, the 15 were typed and the 
results were in agreement with the MI test.
The disk growth inhibition test with serum resistant strain GS3/10 of M . 
hyorhinis using E and R media is shown in Fig. 1. Inhibition of growth occurred 
using R agar plates with M . hyorhinis F and 7 strain antiserum-impregnated 
disks. With E medium growth of M . hyorhinis occurred immediately next to the 
F and 7 strain antiserum-impregnated disks. At the periphery of the growth 
zone a small area of inhibition occurred.
D ISC U SSIO N
When fresh unheated horse serum was used in the agar medium instead of 
commercial unheated horse serum, it was possible to type both laboratory 
and freshly isolated strains of M . hyorhinis using the disk growth inhibition test. 
The results were in complete agreement with the MI test. The combination 
of fresh horse serum in the agar and M . hyorhinis antiserum-impregnated disks 
appeared to have a synergistic effect and always inhibited M . hyorhinis strains. 
The other porcine mycoplasma serotypes were not inhibited with heterologous 
antiserum-impregnated disks. M . laidlawii (B4), however, did not grow on the 
medium.
Precipitation rings frequently occurred in the agar medium around the disks 
containing antiserum. This phenomenon was noticed in particular with the 
serum sensitive strains when they reacted with F strain antiserum-impregnated 
disks and when commercial unheated horse serum was used in the agar. 
Precipitation rings in disk growth inhibition tests have been described by other 
workers (Dinter & Taylor-Robinson, 1969).
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Identification du Mycoplasma hyorhinis 
(Roberts et Pijoan)
Resume. Quand on employait un serum frais non chauffe de cheval dans un milieu de gelose 
contenant du mycoplasme, on pouvait typer les souches du laboratoire et celles fraichement 
isolees de M . hyorhinis en employant la methode du disque d’inhibition de la croissance. Quinze 
souches fraichement isolees de M . hyorhinis, constitutes par dix souches resistantes au serum 
et cinq sensibles, pouvaient etre typees en employant cette methode. Quand on employait 
dans le milieu de gelose du serum de cheval commercial non chauffe, on pouvait typer seule- 
ment six des quinze souches par la methode du disque d ’inhibition de croissance. La combin- 
aison de serum frais de cheval dans le milieu de gelose et de disques impregnes d ’antiserum 
contre M . hyorhinis semblait avoir un effet de synergie et inhibait la croissance de toutes les 
cultures de M . hyorhinis en milieu de gelose.
Identifizierung von Mycoplasma hyorhinis 
(Roberts & Pijoan)
Zusammenfassung. Wcnn frischcs, nicht erhitztcs Pferdeserum fur Mycoplasmaagar- 
kulturbodcn verwendet wurde, war es moglich, unter Verwendung des “Disk growth inhibition” 
-tests im Laboratorium gezogene und frisch kultivierte . Stamme von Mycoplasma hyorhinis 
zu differenzieren. Mit dieser Methode konnten 15 frisch kultivierte Stamme von M. hyorhinis 
isoliert werden, die aus zehn serumresistenten und fiinf auf Serum reagierenden Stammen 
bestanden. Wenn industriel geliefertes, nichte erhitztes Pferdeserum im Agarkulturmedium  
verwendet wurde, konnten mit dieser Methode nur sechs von 15 Stammen identifiziert werden. 
Die Kombinierung von frischem Pferdeserum im Nahrboden mit Scheibchen, die mit M . hyor­
hinis-Antiserum impragniert waren, schien eine synergistische Wirkung zu haben und das 
Wachstum aller M . hyorhinis-VLnltxivcn im Agarnahrboden zu verhindern.
Identificacion del Mycoplasma hyorinis 
(Roberts y Pijoan)
Resumen. Cuando se utilizo suero de caballo, fresco y sin calentar, en un medio de agar 
mycoplasma, fue posible tipificar tanto las cepas de laboratorio como las aisladas recientemente 
de Mycoplasma hyorhinis, utilizando la prueba de inhibicion del crecimiento en disco. 
Utilizando este m^todo se pudieron tipificar quince cepas aisladas recientemente de M . 
hyorhinis, comprendiendo diez cepas resistentes al suero y cinco sensibles al suero. Cuando 
se utilizo suero de caballo comercial no calentado en el medio de agar solo se pudieron tipificar 
seis de las quince cepas, usando el test de inhibicion del crecimiento en disco. La combinacion 
del suero de caballo fresco en el medio de agar y los discos impregnados de antisuero de M.  
hyorhinis parecio mostrar un efecto sindrgico e inhibio el crecimiento de todos los M . hyorhinis 
en cultivo en un medio de agar.
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